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W E L C O M E :

Welcome to the 15th International Symposium on Essential Oils!

We are happy that you have come in such a large number from 
14 countries in Europe, Asia and Africa to participate in this 
symposium.

This 15th symposium is organized in Leiden, among others to cele­
brate that the very first beginning of such symposia took place in 
Leiden - in the fall 1969. Then four young pharmacognosists,
Dr. F.W. Hefendehl (Freiburg), Dr. K.-H. Kubeczka (Karlsruhe),
Dr. J. Karlsen and Prof. Dr. A. Baerheim Svendsen (both Leiden) came 
together in Leiden to find out if it could be possible to organize 
quite informal meetings annually in order to discuss common problems 
concerning essential oil research. The meetings started fairly modest 
and the group was small, but it increased little by little, and later 
on more and more pharmacognosists and other people - from universi­
ties and from industry - interested in essential oil research joined 
the group.

This year about 70 people participate in the symposium and the 
following countries are represented: Belgium, England, Finland, France, 
Western-Germany, Hungary, Israel, Italy, The Netherlands, Portugal, 
Rwanda, Switzerland, Turkey and Yugoslavia.

We wish you all a successful symposium and a nice stay in 
The Netherlands.

Prof. Dr. A. Baerheim Svendsen Dr. J.J.C. Scheffer
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GENERAL INFORMATION

The 15th International Symposium on Essential Oils will be held

July 19-21, 1984, at ’Leeuwenhorst Congress Center’ (Noordwijkerhout,
The Netherlands), in the neighbourhood of Leiden.

Address: Langelaan 3, 2211 XT Noordwijkerhout
Telephone: 02523-4951 
Telex: 41885

The symposium is organized by:
Prof. Dr. A. Baerheim Svendsen and Dr. J.J.C. Scheffer, 
Department of Pharmacognosy, State University of Leiden, 
Gorlaeus Laboratories, P.O. Box 9502,
2300 RA Leiden, The Netherlands.
Telephone: 071-148333, extension 3946 or 3947

For full addresses of participants, see pp. 81-85
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Thursday, July 19, 1984

from 17.00 h Registration of participants in the Leeuwenhorst congress center 
(rooms available from 12.00 h)

from 18.00 h Get-together party
"Cold table" (Smorgasbord)

Friday, July 20, 1984

9.15 h Welcome address (room A2)

Opening lecture
F.-C. Czygan (Würzburg, F.R.G.):
Arzneipflanzen im Spiegel Niederländischer Malerei

10.15 h Coffee break

10.45 h B. Kolb (Uberlingen, F.R.G.):
Quantitative aspects of flavour analysis by dynamic and 
equilibrium headspace gas chromatography with capillary columns

11.25 h Poster session (room A3):

1. V. Weinstein, R. Ikan, U. Ravid and E. Putievsky (Jerusalem/
Newe Ya’ar, Israel):
Determination of the enantiomeric composition of natural and 
synthetic flavouring agents by H-̂ NMR spectroscopy

2. E._Lemberkovics and G. Verzär-Petri (Budapest, Hungary):
Gas chromatographic characterization of frequently occurring 
sesquiterpenes in essential oils

3. M.M. Saleh, K.W. Glombitza and H. Sauer (Bonn, F.R.G.):
Headspace enrichment on tenax for characterization of carnation 
volatile oil

4. H. Vuorela, R. Hiltunen, I. Laakso and M. von Schantz (Helsinki, 
Finland):
Application of headspace gas chromatography in essential oil 
analysis V. Matrix effects in the quantitative analysis of
Thymus vulgaris L.

5. M. Delf (Essen, F.R.G.):
Gas chromatographic investigation of some clary sage oils — 
Instrumental and sensory analyses

6. R._Huo£alahti and E. Kesalahti (Turku, Finland):
Effect of drying and freeze-drying on the aroma of dill,
Anethum graveolens L.
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7. H.-P. Hanssen (Hamburg, F.R.G.):
Sesquiterpenes and other volatile metabolites from liquid 
cultures of.Ceratocystis populina (Ascomycota) —  Essential 
oil compounds from fungi

8. M. Bruno, G. Mellerio, F. Piozzi and P. Vita-Finzi (Palermo/
Pavia, Italy)
GC-MS analysis of the essential oil of Meria^ndPa benghalensis 
(Labiatae)

9. R. Bos and H. Hendriks (Groningen, The Netherlands):
The" essential oils of some Eupatoriwn species

10. N. Tanker, M. Koyuncu, M. Cofkun and F. ilisulu (Ankara, Turkey): 
Phytochemical screening of Labiatae species from Southwestern 
Anatolia

11. M. Tanker and F. ilisulu (Ankara, Turkey):
Phenolic components of the volatile oils of some endemic 
Thymus species growing in Southern Anatolia

12. S. Schmidt and H. Friedrich (Munster, F.R.G.):
Comparison of cannabinoid and essential oil accumulation in 
leaves of Cannabis sativa L.

13. I. Pitarevic, D. KuStrak, J. Kuftinec and N. Blazevic (Dubrovnik/ 
Zagreb, Yugoslavia):
Influence of ecological factors on the content and composition 
of the essential oil in Salvia officinalis L.

14. E. §arer, J.J.C. Scheffer, A.M. Janssen and A. Baerheim Svendsen 
(Ankara, Turkey/Leiden, The Netherlands):
Composition of the essential oil of ^^ganum T̂Trzjorana grown in 
different localities in Turkey

15. A.M. Janssen, J.J.C. Scheffer, Y. Aynehchi and A. Baerheim 
Svendsen ^Leiden, The Netherlands/Tehran, Iran):
The essential oil of Ducrosia an.ethifolia —  Chemical composition 
and antimicrobial activity

12.30 h Lunch

14.00 h R. Hiltunen (Helsinki, Finland):
Quantitative headspace gas chromatography in the analysis of 
volatile oils and aromatic plants
D. Lamparsky (Diibendorf-Zurich, Switzerland):
Headspace technique as a versatile complementary tool to increase 
the knowledge about constituents in domestic or exotic flowers 
and fruits

S.Z. Husain and V.H. Heywood (Reading, England):
Chemosystematics, problems in classification, interpretation 
and numerical phenetic analysis in the genus Origanum L. 
(Labiatae)



-8-

15.20 h Tea break

15.50 h E.-J. Brunke and F.-J. Hammerschmidt (Holzminden, F.R.G.): 
Constituents of the essential oil of Salvia stenophylla — 
First identification of (+)-epi-a-bisabolol in nature
U. Ravid and E. Putievsky (New Ya’ar, Israel):
Essential oils of Israeli wild species of Labiatae
G. Verzar-Petri, M. Then and S. Meszaros (Budapest, Hungary): 
Formation of volatile oil in clary sage under different 
conditions

G. Schmaus and K.-H. Kubeczka (Wiirzburg, F.R.G.):
The influence of isolation conditions on the composition of 
essential oils containing linalool and linalyl acetate

18.00 h Dinner

19.45 h 1) Departure for sight-seeing trip to The Hague and ’Madurodam’
2) Departure for visit to the Department of Pharmacognosy, 

Leiden, and to ’Madurodam'

22.30 h Return to the congress center

9.00 h

Saturday, July 21, 1984

H. Schilcher (Berlin, F.R.G.):
Effects and side-effects of essential oils
R. ter Heide (Naarden-Bussum, The Netherlands): 
Concentration of odorous headspace volatiles

10.30 h Coffee break
11.00 h H.L. de Footer, B.A. Coolsaet and N.M. Schamp (Gent, Belgium): 

Comparison between headspace analysis after concentration on 
Tenax GC, and analysis of the essential oil of intact apples 
(M:zlus domestica cv Golden Delicious), ginger powder (Zingiber 
officinale), fresh lovage (Levisticum officinale), fresh celery 
(Apiwn graveolens) and honeysuckle (Lonicera periclymenwn)
S.Z. Husain, E. Putievsky and U. Ravid (Reading,
England /Newe Ya’ar, Israel):
Differences in yield components and essential oils during the 
life cycle of Origanwn vulgare L.

11.45 h Poster session (room A3)

12.30 h Lunch

14.00 h K.-H. Kubeczka (Wurzburg, F.R.G.):
Progress in isolation techniques for essential oil constituents
M.M. Canno and S. FrazSo (Queluz de Baixo, Portugal): 
Studies on the composition of the essential oil of cineolic
t:ucalyptus
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15.30 h

K. Knobloch (Erlangen, F.R.G.):
Biology and essential oil of Ĥ wrrulus lupulus var. neomexicarzus 

Tea break

16.00 h W. Gunther and F. Schlegelmilch (Diisseldorf /Krefeld, F.R.G.): 
Handling, quick optimization and choice of column wall material 
in capillary gas chromatography

H. Obbens and L. Huber (Waldbronn, F.R.G.):
Sensory evaluation of flavour and fragrance compounds after 
headspace sampling, capillary chromatography and thermal 
conductivity detection

17.00 h Final discussion —  symposium 1985

19.30 h Departure first group of participants for congress dinner to 
be held in ’Hotel Noordzee' at Noordwijk

20.00 h Departure second group

20.30 h Congress dinner

22.30 h Return first group to congress center

23.00 h Return second group

Sunday, July 22, 1984
8.00 h Departure for full-day excursion
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ABSTRACTS
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I will demonstrate both the beauty of Dutch painting and the plant 
symbolism implied which has such a long history from ancient periods 
until to-day.

During the lecture a list of the paintings treated will be distributed.
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Arzneipflanzen im Spiegel Niederländischer Malerei

F.-C. Czygan

Institut für Botanik und Pha^rmazeutische Biologie der Universität 
Wurzburg, B.R.D.

Medicinal plants and their constituents (such as essential oils) have 
been presented in the fine arts of many periods of civilization. They 
have from former times until now been subjects not only of lyric poetry 
and prose, but also of pictorial art. In paintings medicinal plants 
- just as many other plants - were not used only because of their decora­
tive characters, but also for their symbolical significance. This symbol­
ism can be demonstrated by many examples. This holds especially true as 
far as the symbolic character of certain medicinal plants within Dutch 
painting is concerned.

May I - as an amateur in the history of art - be allowed to extend 
the conception of Dutch painting in a certain European sense. For it was 
the Dutch painters who - in spite of typical Dutch subjects and details 
in their paintings - never were restricted to the region of the historical 
Netherlands.

The red thread of my lecture will be similar to a meander. I will take 
your ears and eyes and lead you through my artificial garden with 
flowering plants and ripe fruits. During this walk you will meet for 
example Jan Breughel's famous picture "Flower bunch in a wooden pot", 
to-day in the Alte Pinakothek of Munich. There is Fritti'laria imperialis 
in the center of the bouquet, surrounded by Lilium cmdi^dum, Lilium mar­
tagon and Iris species, all old symbols, already mentioned in the Bible 
and referring to the virginity and innocence of St. Mary. I will take 
you to the Portinari altar-piece, painted by Rogier van der Weyden in 
Florence, with Iris, Dianthus, Aquilegia and Lilium bulbifê PWTI in front 
of the crib. I will try to explain the symbolism of the pomegranate used 
already in art by Old Egyptians, but also by Abraham Breughel in 1669 or 
by the modern artist E. Schlotter in his picture "Nocturno", which dates 
from 1977. This fruit full of seeds, with its sweet and sour taste symbol­
izes not only life, fertility and productivity, eros and voluptuousness, 

but also charity and the wisdom of old age. With these and other examples
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Quantitative aspects of flavour analysis by dynamic and equilibrium 
headspace gas chromatography with capillary col^umns

B. Kolb

Bodenseewerk Perkin-Elmer & Co. ĜmbH, Uberlingen, B.R.D.

Headspace gas chromatography (HSGC) is straightforward if volatiles 
have to be separated from a solid or liquid sample. The quantitative 
aspects, however, need a careful discussion, particularly since the 
term HSGC comprises quite different techniques, such as the so-called 
'equilibrium' and 'dynamic' headspace procedures. For quantitative 
determinations the equilibrium headspace procedure is preferable, since 
it only requires that the well defined partition coefficient be in­
cluded in the calibration. The dynamic techniques, in which the volatiles 
are stripped off from the sample by an inert gas, needs in general an 
exhaustive extraction for each compound for quantitation and is there­
fore often very time-consuming. Due to the exhaustive extraction, the 
dynamic procedures are much more sensitive as compared to the equilib­
rium technique, for which a fraction of the available gas sample only 
is used for the analysis. This disadvantage is particularly pronounced 
with capillary columns, as a result of their small capacity for a gas 
sample. By using the first part of a capillary as a cold trap in 
combination with splitless injection, it is possible to separate the 
volatiles from the bulk of the inert gas and to achieve a remarkable 
enrichment effect. Splitless injection in this case is necessary in 
order not to waste the gas sample and not to disturb the equilibration. 
With such a combination, it is possible to get an enrichment effect 
while at the same time maintaining the good quantitative possibilities 
of the equilibrium headspace method.
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Determination of the enantiomeric composition of natural and synthetic 
flavouring agents by *H-NMR spectroscopy

V. Weinstein*, R. Ikan*, U. Ravid and E. □Putievsky

*Dept. of Organic Chemistry, Hebrew University, Jerusalem, Israel 
Agricultural Research Organization, Newe Ya’ar Experiment Station, 
Israel

The purpose of this work was to synthesize stereospecifically various 
series of chiral mono-substituted monocyclic butanolides according to 
the following route:

R = alkyl 
R = R jR2N

The enantiomeric purity of butanolides was confirmed by H-̂ NMR using 
chiral Pirkle salvation reagent [(R)-(-)-2,2,2-trifluoro-l-(9-anthryl) 
ethanol] and compared with certain racemic synthetic analogues.

Further objective of this work was to isolate terpenes (such as lina- 
lool)from various essential oils and to determine their optical purity 
using Eu(hfbc)^, a chiral shift reagent. (+)-(3S)- Linalool was isolated 
from coriander oil while (-)-(3R)-Linalool was isolated from sweat basil 
oil.
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Gas chromatographic characterization of frequently occurring sesqui­
terpenes in essential oils

E. Lemberkovics and G. Verzar-Petri

Se^mmelweis Medical University, Institute of Pharmacognosy, Budapest, 
Hungary

A collection of the relative retention factors of sesquiterpenes, 
frequently occurring in essential oils, has been prepared and it is 
presented.

Since authentic s^amples of sesquiterpenes were not available for the 
determination of their retention factors, such determinations were 
carried out on the basis of the data obtained for the identified sesqui­
terpene components of five different essential oils (Matricaria chamo- 
milla, Achillea millefolium, Cannabis sativa, Ocî mum basilicum and 
Artemisia absinthium) which were studied under identicalGC conditions.
The identification of the sesquiterpene components was performed by 
GC-MS, and also with standard addition.

The retention factors were determined on two stationary phases of 
different polarity (3 % 0V-17 and 1.5 % Sp-2250 + 0.95 % SP-2401) using 
guaiazulene as standard. For assuring the reproducibility we determined 
the retention factors of guaiazulene against a series of suitable 
paraffines (C1 5 C20>’

The standard deviation calculated from the relative retention factors 
of the same sesquiterpenes in the different essential oils was not larger 
than 6-10-3 [6 S • (1-6).10-3].
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Headspace enrichment on tenax for characterization of carnation 
volatile oil

M.M. Saleh, K.W. Glombitza and H. Sauer

Institut für Pharmazeutische Biologie der Universität Bonn, B.R.D.

A method to analyze the volatile oil components in the headspace 
vapor of heated carnation concrete has been applied. Identification of 
the volatile oil components was carried out by means of GC and GC-MS.
The main components detected in the oil were: benzyl benzoate, calamene, 
eugenol, B-phellandrene, cadinene, iso-eugenol and bornyl acetate. Four 
minor components were isolated and tentatively identified by means of 
their mass spectra: dihydrocoumarin: 148 (M; relative intensity: 71), 
120(100), 91(43), 70(33), 39(29), 51(16), 92(14), 65(11), 106(9), 63(9); 
indanone: 160 (M; 3), 28(100), 145(97), 160(42), 117(33), 91(32), 
115(30); daucol 238 (M; 3), 151(100), 43(55), 194(51), 136(24), 41(23), 
149(20), 93(20), 133(17), 55(13), 152(11); altantone diepoxide: 250 
(M+; 13), 121(100), 43(92), 93(60), 41(55), 235(42), 95(41), 94(41), 
55(36), 123(30), 81(28), 80(3); 8,9-dihydro-B-damascenol: 194 (M+; 2), 
107(100), 119(88), 121(75), 43(73), 151(68), 55(65), 91(55), 71(45), 
81(32), 161(28), 133(27), 194(25), 176(22), 27(22).
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of external standard calibration in the absence of the solid matrix (oil 
content 0.33 i.) compared to those including the solid matrices (0.64 % 
and 0.74 % respectively). This was due to the different slopes of the 
calibration curves. The phenomenon was not found when p-cymene was used 
as the standard.

These matrix effects were eliminated when the method was used.
The slopes of the calibration curves for tĥ ymol in the three above- 
mentioned matrices were essentially the same. The total oil content 
measured by external standard calibration in the absence of a solid 
matrix, or with a pure matrix, were 0.74 %. The corresponding value 
for the standard addition method was 0.68 %.

Adding standards to the herb sample resulted in slightly lower values 
than adding standards to the pure solid matrix. This was due to the de­
creasing effect of the large amount of added compound which alone occu­
pies a large proportion of the gas phase. The molar proportion of the 
other matrix components decreased proportionally.

The matrix effects associated with aromatic plant material can be 
eliminated using the standard addition, internal standard correction or 
the techniques.
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Application of headspace gas chromatography in essential oil analysis 
V. Matrix effects in the quantitative analysis of Thŷ rmuJ vulgcaris L.

H. Vuorela, R. Hiltunen, I. Laakso and M. von Schantz

Dept. of Pharmacognosy, School of Pharmacy, University of Helsinki, 
Finland

The headspace gas chromatography (HSGC) technique has been used rela­
tively little in quantitative aromatic plant research owing to the prob­
lems associated with the effects of the matrix on the peak areas of the 
components.

The aim of this study was to investigate different quantitative methods 
of determining the amounts of total oil and thymol in the solid matrix 
(thyme herb). Internal and external calibrations, standard addition and 
the multiple headspace extraction (MHE) methods were tested.

The analyses were carried out on a DANI HR 3800 gas chromatograph 
equipped with a DANI headspace sampler HSS 3850 using Carbowax 20M, FFAP 
and OV-1 glass capillary columns and a FID detector. The optimum equili­
bration time was 45 min and the bath temperature 120 °C. The procedure 
and the pressure balancing after each injection were performed automatical­
ly. The volume of the ŝ ample vials was 20.0 ml. Samples: th^e herb (volu­
metric oil content 0.8%), 30 mg or 50 mg, tĥ yme herb from which the vola­
tile oil had been distilled off, 30 mg, tĥ yme oil 0.2-1.0 pi, tetradecane 
as the internal standard 0.04 mg, thymol 0.0125-0.05 mg and p-cymene 
0.025-0.1 mg, also as standards.

The relationship between the sample size and the concentration of the 
components in the gas phase were studied using thyme oil as external stan­
dard. When the sample size was increased, the oil content decreased from 
0.77 to 0.48 %. Adding internal standard to the samples eliminated the 
matrix effect, the oil content in samples of varying size being 0.84 %
(CV 7.5 %, n = 7).

The total oil content of the herb was determined quantitatively using 
external standard calibration with thymol in the absence of a solid matrix, 
and in a pure solid matrix without any volatile oil. Calibration was also 
made for thymol by the standard addition technique. The measured âmounts 
of thymol, and therefore also the total oil contents, differed in the case
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Gas chromatographic investigation of some clary sage oils - 
Instrumental and sensory analyses

M. Delf

Coca-Cola GmbH, Essen, B.R.D.

Some samples of French and Russian clary sage oils were analyzed 
quantitatively by gas chromatography using a glass capillary column, 
coated with OV-101 stationary phase, and the on-column injection 
technique. With this method accurate quantitative data were obtained 
for a large number of volatile constituents up to and including sclareol.

The percentage concentrations of the two main constituents, linalool 
and linalyl acetate, were found to be: linalool, 15-18 %; linalyl acetate, 
56-67 %.

Qualitative analyses were carried out by GC-MS, again using an OV-101 
glass capillary column.

Other gas chromatographic analyses of these oils were carried out 
using sensory detection (sniffing the effluent) as well as instrumental 
detection, to obtain some information on the nature of the compounds 
responsible for the characteristic tea-like or amber/tobacco-like note 
of clary sage oil.



- 26-



-27- Poster 6

Effect of drying and freeze-drying on the aroma of dill,
Anethwn ggruveolens L.

R. Huopalahti and E. Kesalahti

Dept. of Biochemistry, Laboratory of Food Chemistry, University of 
Turku, Finland

Dill, Anethwn graveolens L., is in Finland a popular aromatic herb 
usedlargely for flavouring of various food products. Domestic dill is 
mainly consumed as fresh whole plant, during a short harvesting period, 
or as frozen or dehydrated product. However, it is well known that the 
ar̂ oma of dill is markedly decreased or changed during processing such 
as drying and freezing.

The aim of this work was to study the changes, which occur in the 
composition and content of the volatile compounds in dill processed by 
drying and freeze-drying, in order to find the optimum unit operations 
for an efficient preservation of the high quality of dill.

The aroma compounds were isolated by solvent extraction with a 
mixture of n-pentane and diethyl ether (1:2, v/v) followed by concen­
tration with a Widmer column and cleaning up with a silica gel col^m. 
Gas capillary GC-MS was employed for identification of the aroma com­
pounds by comparison of the mass spectra recorded with those of 
authentic compounds and/or with authentic spectra.

50 aroma compounds were detected and 22 of them identified, with 
a-pinene, a-phellandrene, limonene, p-phellandrene, 3,6-dimethyl-2,3,3a, 
4,5,7a-hexahydrobenzofuran, myristicin and apiole as the major compo­
nents. During both drying processes mentioned above also ŝ ome new, not 
yet identified compounds arose. The total âmount of aroma compounds was 
about 10 % in dried dill and about 40 % in freeze-dried dill when com­
pared with fresh dill. An almost total loss of 3,6-dimathyl-2,3,3a,4,5, 
7a-hexahydrobenzofuran, one of the most abundant and important compounds 
in dill, was the largest change in the composition of the volatile dill 
constituents.
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Sesquiterpenes and other volatile metabolites from liquid cultures of 
Cerutocystis populiruz (Ascomycota) - Essential oil compounds from fungi

H.-P. Hanssen

Lehrstuhl für Pharmakognosie der Universität H^amburg, B.R.D.

Several Ceratocystis (Ascomycota) species are known to produce essen­
tial oil compounds including acyclic mono- and sesquiterpenes, terpenoids, 
and other volatiles (l).

C. popuZina RWD 835 B differs from all Ceratocystis strains hitherto 
investigated by a totally different spectrum of volatile metabolites.

The ascomycete described for the first time by Hinds & Davidson (2) 
was cultivated on a defined synthetic culture medium. Cultures were har­
vested at different stages of growth during a culture period of 24 days, 
and the volatile metabolites were obtained by steam distillation. The 
identification of single components resulted from gas chromatographic and 
mass spectrometric data compared with those of authentic reference sub­
stances.

Major components (ppb-range) of the steam distillates were sesquiter­
penes with a J.7-dimethyl-4-isopropyl-decaline skeleton (T-muurolol, 
a- and y-amorphene), and l-octen-3-ol. Besides these, isoamyl alcohol, 
linalool, and an unknown nitrogen-containing compound could be detected. 
Some of these compounds are reported for the first time from fungi or 
ascomycetes.

(1) E. Sprecher, H.-P. Hanssen, Antonie van Leeuwenhoek 49 (1983) 493
(2) T.E. Hinds, R.W. Davidson, Mycologia 59 (1967) 1102
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GC-MS analysis of the essential oil of Mepiandra benghalensis (Labiatae)

O x  xM. Bruno*, G. Mellerio , F. Piozzi andP. Vita-Finzi

*Istituto di Chimica 0rganica,Universita di Palermo, via Archirafi, 20,
Palermo, Italia 

oCentro Spettrometria di Massa, via Taramolli, 10, Pavia, Italia
x .  . # # v fDipart. Chimica Organica, Università di Pavia, via Taramolli, 10, Pavia, 
Italia

Merian̂ d:ra benghalensis (KoXb.) Benth. (Labiatae) is a plant wide-spread 
in Ethiopia. It has been in local use as an aromatic, culinary herb. At 
the beginning of this century its camphor-like smell awoke Italian 
explorer's interest, so the plant was considered a convenient alternative 
source for camphor and it was experimentally cultivated in Southern Italy 
(1,2). Besides the isolation of camphor, no modern analysis was under­
taken on its essential oil.

The material of our study originates from plants cultivated since 1925
in the Botanical Garden, University of Palermo. Fresh leaves were steam

2distilled; the oil was extracted and analyzed by GC, GC , GC-MS. Part of 
the oil was column chromatographed by elution with solvents of increasing 
polarity. Fractions were analyzed by GC-MS.

Apart from camphor we identified 7 monoterpene hydrocarbons, 17oxy- 
genated monoterpenes (3 aldehydes, 5 ketones, 6 alcohols, 2 acetates and 

ether). In the sesquiterpene fraction only traces of 3 hydrocarbons,
2 alcohols of MW 222 and some compounds of MW 220 were found.

Identification was achieved by comparison with authentic samples and/ 
or literature data.

(1) G. Zucco, Boll. R. Soc. Georgr. Ital., Ser. V, g  (5-6) (1923) 268
(2) F. Bruno, Boll. Studi Inform. Giardino Coloniale Palermo 9 (1926) 3
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The essential oils of some Eupatoriwn species

R. Bos and H. Hendriks

Dept. of Pha^rmacognosy, University of Groningen, The Netherlands

Within the scope of an investigation on antitumour compounds in the 
genus Eupatoriwn also attention has been paid to the presence of ter­
penoids (mono- and sesquiterpenoids). Results of a preliminary 
investigation on the essential oil of Eupatoriwn can̂ nabî num L. have 
already been published (I). Additionally a large number of (terpene) 
esters could be detected using GC-MS with negative ion chemical 
ionization (2).

Now the results will be presented of a GC-MS investigation on the 
essential oils of various other Eupatoriwn species.

(1) H. Hendriks, Th.M. Malingre, E.T. Elema, Pharm. Weekbl. Sci. Ed. 
5 (1983) 281-86

(2) R. Bos, A.P. Bruins, H. Hendriks, Ref. 14th Int. Workshop on 
Essential Oils, Freising-Weihenstephan (1983)
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Phytochemical screening of Labiatae species from Southwestern Anatolia

N. Tanker, M. Koyuncu, M. Cojkun and F. ilisulu

Dept. of Pharmacognosy, Faculty of Pharmacy, Ankara University, Turkey

From the Southwestern part of Anatolia, 64 taxa of Labiatae were 
collected, identified and examined for their active principles such as 
volatile oils, saponin glycosides, coumarins, etc.

The phytochemical screening showed that 50 % of the plants investi­
gated contained volatile oils; in ]8 taxa from Thymus, OI'iganum and 
Satureja, the yield was more than 0.5 %. Because of the content of 
volatile oils and their composition, some of the plants investigated 
may serve as good sources for some terpenic compounds.

Almost 25% of the examined plants were found to be interesting 
because of their content of saponins of which the Foam Index was cal­
culated as 100-250.
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Phenolic components of the volatile oils of some endemic Thymus species 
growing in Southern Anatolia

M. Tanker and F. Ilisulu

Dept.of Pharmacognosy, Faculty of Pharmacy, Ankara University, Turkey

There are 37 Thymus species, 4 subspecies and 30 varieties growing in 
Turkey. Some of them are endemic plants, such as Thymus cilicicus,
T. revolutus, T. cherlerioides var. cherlerioides, T. convolutus,
T. argaeus, T. cappadocicus var. cappadocicus, T. haussknechtii,
T. pectinatus var. paZZasicus, T. spathu.Zifolius, T. cariensis,
T. zygioides var. Zycaonicus, T. aznavourii, T. fedtschenkoi, T. sipyleus 
var. sipyleus, T. sipyleus var. davisianus, T. bo^^uelleri, T. praecox 
subsp. skorpilii var. skorpilii, T. Zongicaulis subsp. chaubardii var. 
antalyanus.

Of these species T. cilicicus, T. revolutus, T. zygioidesvar. Zyca­
onicus and T. sipyleus var. sipyleus, which flower in April-May, are 
widely growing in Southern Anatolia. The volatile oil contents of these 
four plants were determined by hydrodistillation. The phenolic components 
of these volatile oils were isolated by alkali-extraction. The low-boiling 
monoterpene hydrocarbons and the higher boiling oxygen-containing mono- 
terpenes were separated as groups by means of column chromatography.
The volatile oil samples isolated, their phenolic components and their 
other oxygen-containing compounds were analyzed by GLC.

The volatile oil contents of the four plants investigated were 
different, T. cilicicus contained 1.5 % (v/w), T. sipyleus var. sipyleus 
1.2 i. (v/w), T. zygioides var. Zycaonicus 0.62 % (v/w) and T. revolutus
0.47 i. (v/w) volatile oil.



- 38-



-39- Poster 12

Comparison of cannabinoid and essential oil accumulation in leaves of
C^mabis sativa L.

S. Schmidt and H. Friedrich

Institut für Pharmazeutische Biologie und Phytochemie der Westfälischen 
Wilhelms-Universität Münster, B.R.D.

Plants of five different clones of Cannabis sativa L. with previously 
described distribution patterns of cannabinoid and essential oil compounds 
(1) were cultivated under the controlled conditions of growth chambers in 
order to study accumulation characteristics of these substances.

Extracts of leaves of different age were analyzed by means of GLC and 
GC-MS, and the relative compositions of terpenoids and cannabinoids were 
found to be preserved during the development of these organs. Very young 
leaves contained the highest relative amounts of both groups of substances 
decreasing with increasing age of the foliage.

Comparing the terpenoid and cannabinoid patterns of young leaves of 
plants grown under isothermal conditions at 22 °C no qualitative change 
was observed during plant development, while the content of accumulated 
compounds increased up to the stage of flowering. Similar characteristics 
were found for plants.cultivated in a climate with a different night 
temperature (12 °C).

(I) S. Schmidt, H. Friedrich, R. Bos, Ref. 14^ Int. Workshop on Essential 
Oils, Freising-Weihenstephan (1983)
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Influence of ecological factors on the content and composition of the 
essential oil in Salvia officinalis L.

I. Pitarevic*, D. Kustrak0 , J. Kuftinec“ and N. Blazevic- 

*Dalmacijabilje, Dubrovnik, Yugoslavia
0Dept. of Pharmacognosy, University of Zagreb, Yugoslavia 
•Podravka-Institute, Zagreb, Yugoslavia 
coChromos-Aroma, Zagreb, Yugoslavia

The quality of sage leaves (i.e. content and composition of the essen­
tial oil) collected each month from November 1982 to May 1983 at two lo­
cations - Kuna&t an altitude of 700 m) and Doli (200 m) - was examined.
In the same period meteorological data were recorded in these areas. The 
amount of oil was determined on hydrodistillation, and its composition 
was investigated by GC.

The content of essential oil was higher in the samples from Kuna than 
in the samples from Doli during the latent vegetation (November-January). 
During the new vegetation period the oil content was higher in the samples 
from Doli. According to Burmeister and Von Guttenberg (I) a relatively 
high content of oil in November on both locations is probably the result 
of a dry ŝ wmner. In all cases the thujone content was higher in the samples 
from Doli than in those from Kuna, which could be explained by genetic 
factors. In the samples from Doli the amount of oil was larger at the be­
ginning of the vegetation, but the content of thujone was lower. During 
the period of vegetation, when the leaves grow, the amount of essential 
oil as well as the content of monoterpene hydrocarbons increase, whereas 
the percentage of thujone decreases (2).

Differences which we found in the content and composition of sage oil 
were caused by different ecological factors: climate (daylight, insolation, 
temperature) and altitude.

(1) J. Burmeister, H. Von Guttenberg, Planta Med. 8̂ (1960) I
(2) K.E. Rasmussen, S. Rasmussen, A. Baerheim Svendsen, Sci. Pharm.

39 (1971) 159
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Composition of the essential oil of Origanwn majorana grown in 
different localities in Turkey

E. $arer*, J.J.C. Scheffer0 , A.M. Janssen° and A. Baerheim Svendsen°

*Faculty of Pharmacy, Ankara University, Tandogan - Ankara, Turkey 
0Dept. of Pharmacognosy, University of Leiden, The Netherlands

Origa^num species have been used in medicine and as spices ever since 
antiquity - mainly because of their content of essential oils. ^Origanwn 
majorana L. (synonyms: Majorana vulgaris Miller; Majorana hortensis 
Moench, Origanwn dubiwn Boissier) is a native of Cyprus and the adjacent 
part of Southern Turkey (1). In a previous study (2) we investigated the 
essential oil isolated from flowering parts of 0. majorana plants grown 
near Alanya (Southern Turkey) along the coast. The oil contained large 
amounts of carvacrol. The high percentage of phenolic compounds was 
interesting in view of literature data on the species concerned.

The material used in the present study was collected again near Alanya, 
but at an altitude of 1000 m (sample 2), and near I^el some hundred kilo­
meters east of Alanya (sample 3). The flowering parts of the plants 
collected in both areas were subjected to hydrodistillation, and the 
composition of the oils was compared by means of GLC with that of 
0. majorana studied before (2). In addition the essential oil samples 
were tested for activity against some bacteria, a yeast and some fungi.
The antimicrobial screening was carried out by means of the agar overlay 
technique.

Analysis of both samples (2 and 3) and the sample studied before 
(sample I) - under identical conditions - showed that sample 1 contained 
58 % carvacrol, 2 % thymol and 17 % linalool, while the s^amples 2 and 3 
consisted of 49 % carvacrol, 3 % thymol and 28 % linalool, and 73 % car­
vacrol, 0.4 % thymol and 4 % linalool respectively.

Further analytical data and the results of the antimicrobial screening, 
which showed a remarkable effect of the oils against some of the micro­
organisms, will be presented.

(1) J.H. Ietswaart, A taxonomic revision of the genus Origanwn (Labiatae), 
Leiden University Press, The Hague-Boston-London (1980)

(2) E. §arer, J.J.C. Scheffer, A. Baerheim Svendsen, Planta Med. 46 (1982) 
236-39
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The essential oil of Ducrosia anethifolia - Chemical composition and 
antimicrobial activity

A.M. Janssen*, J.J.C. Scheffer*, Y. Aynehchi° and A. Baerheim Svendsen*

*Dept. of Pharmacognosy, University of Leiden, The Netherlands
□  • •Dept. of Pharmacognosy, College of Pharmacy, University of Tehran,
Iran

Ducrosia anethifolia (DC.) Boiss. is a species of the Apiaceae that 
occurs mainly in Iran, Iraq and Pakistan. In Iran the plant is employed 
to improve the smell of foods and drinks. In traditional medicine it is 
used to treat catarrh, headache and backache. The seeds are given to 
children as an infusion in case of colic.

Leaves and stems, and fruits of D. anethifolia specimens growing 
wild in Iran were subjected to hydrodistillation. The essential oils 
were tested for activity against some bacteria, a yeast and some fungi. 
The antimicrobial screening was carried out by means of the agar over­
lay technique. Since the essential oil isolated from the leaves and 
stems (herb oil) showed a remarkable activity against some fungi that 
are known to cause skin infections in humans, we were interested to 
analyze the oil and to find out which components were responsible for 
the effect.

The herb oil was analyzed by combined LSC and GLC, and by GC-MS. 
Comparison with authentic samples and spectroscopic methods were used 
for identification of the essential oil components.

The herb oil consisted mainly of aliphatic compounds. a-Pinene, myr- 
cene and limonene were the main components of the hydrocarbons, that 
constituted 13 % of the oil. n-Decanal, n-dodecanal, n-decanol, 
trans-2-dodecenal and cis-chrysanthenyl acetate were the major oxygen- 
containing components, which accounted for 87 % of the oil. The ali­
phatic compounds just mentioned can be held responsible for the 
remarkable activity of the herb oil against Gram-positive bacteria, 
Candida albicans and some dermatophytes.
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cal GC analyses for both types of samples. Percentage normalization 
usually gave sufficient quantitative information, e.g. for a rapid 
chemotaxonomical screening.

When the total amount of volatile oil was determined using an external 
standard, the percentage proportion of the total oil in the herb followed 
changes in the size of the sample. This was avoided by using an internal 
standard. The total amount of oil in the herb was determined using thymol 
as the external standard. This was also done after addition of known 
amounts of thymol to the herb, and to the herb after the volatile oil had 
been distilled off. The slope of the calibration curve formed, using the 
external standard, differed considerably from the corresponding one for 
addition of the standard to the matrix. Different values were obtained 
for the amounts of thymol and total oils. The differences were due to the 
different sample matrices. This was also the case with liquid galenic 
preparations. An increase in the ^amount of one component resulted in a 
decrease in the proportion of other components of the sample in the gas 
phase.

However, these matrix effects can be eliminated by using M̂HE. All the 
above-mentioned calibrations gave the same results within the analysis 
error limits. The most reliable methods proved to be the standard 
addition to the matrix and methods.
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Quantitative headspace gas chromatography in the analysis of volatile 
oils and aromatic plants

R. Hiltunen

Dept. of Pharmacognosy, School of Pharmacy, University of Helsinki, 
Finland

The peak area of components analyzed by headspace gas chromatography 
(HSGC) is determined by a number of different parameters, such as sample 
size, equilibration time and temperature, the vapour pressure of the com­
ponents and many other factors. The aim of this study was to optimize the 
quantitative determination of volatile oils from both liquid and solid 
samples using HSGC.

The analyses were carried out on a Dani HR 3800 gas chromatograph 
equipped with a Dani headspace sampler HSS 3850. The following samples 
were analyzed: L̂arix decidua, L. leptolepis, L. sibirica, L. leptolepis 
x sibirica and L. decidua x leptolepis branches (100 mg), Pinus sylvestris 
(high and low 3-carene chemotypes) needles (30 mg), Tanacetwn vulgare 
(camphor, thujone, sabinene and umbellulone chemotypes) flowerheads, Thy­
mus serpyllum and T. vulgare herbs, Matric^Ha recutita flowerheads (10 mg); 
liquid samples: a galenic chamomile preparation (10 ml), monoterpene mix­
ture dissolved 1:20 in n-hexane, and tĥ ymol, a-bisabolol, volatile oils of 
chamomile and thyme (2 ul). The equilibration times were 0.5, 2, 5, 10,
20 and 45 minutes, and bath temperatures 60, 90, 120 and 150 °C. Percen­
tage normalization, calibration with internal and external standards, 
standard addition and multiple headspace extraction (̂ MHE) were utilized 
in the quantitative determinations.

An equilibration time of 15-20 min gave optimum results for the liquid 
samples at the temperatures used here. The solid samples, however, required 
a longer equilibration time. Increasing the temperature (over the range 
60-150 °C) did not significantly increase the proportion of monoterpene 
hydrocarbons in the liquid samples. In the case of the solid samples, 
however, it increased the proportion of monoterpenes. Thymol and a-bisa- 
bolol showed a similar trend in the oil and herb samples. The reproduci­
bility of the HSGC analyses was comparable or better than that of classi-
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Headspace technique as a versatile complementary tool to increase the 
knowledge about constituents in domestic or exotic flowers and fruits

D. Lamparsky

Givaudan Research Company Ltd., Dubendorf-Zurich, Switzerland

The so-called headspace technique has proved to be a versatile comple­
mentary tool to the classical analysis of all kinds of natural materials 
important to the fragrance and flavour industry.

Trapping of odorous compounds by this method followed by GC-MS analysis 
makes it possible to detect such constituents which may be lost during in­
dustrial treatment of flowers, leaves, fruits, etc. leading to extracts, 
absolutes or essential oils.

Furthermore, the headspace technique allows to set criteria for the 
genuineness of individual constituents and helps to explain the formation 
of artefacts. Since a headspace sample can be collected in a non-destruc­
tive way, it is also possible to apply this method to the investigation 
of time-depending changes in the production of volatile components within 
the living cells.

To demonstrate the great variety of possibilities in the fields of 
interest, some of our.experiences with hyacinth (Hyacinthus orientalis), 
freesia (Freesia refracta x armstrongii), vanilla (Vanilla plan.ifolia), 
lilac (Syringa vulgaris), honeysuckle (Lonicera species), verbena (Ver­
bena triphylla or Lippia citriodora Kunth.) and strawberries (Fragaria 
spp.)will be discussed.
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Chemosystematics, problems in classification, interpretation and 
numerical phenetic analysis in the genus Origanum L. (Labiatae)

S.Z. Husain and V.H. Heywood

Dept. of Botany, Plant Science Laboratories, University of Reading, 
Whiteknights, England

The genus Origanum L. is a taxonomically critical genus containing 
38 species whose geographical distribution extends from Northern Africa 
and Western Europe to Central Asia, although most species occur in the 
Mediterranean basin.

In the course of a phytochemical survey of Origanum L. and repre­
sentative species of the related genera, data from essential oil studies 
(thin layer chromatography and gas liquid chromatography), flavonoids 
(paper and thin layer chromatography) palynology, comparative morphology 
(light and scanning electron microscopy) were gathered. All these data 
were subjected to numerical phenetic analysis. Cluster analyses (using 
group average, single link and complete link) were employed. Each cluster 
analysis was expressed in the form of a dendrogram. The results agreed 
well in part with the decisions reached by traditional taxonomic methods, 
especially with regard to the delimitation of the sections and species.
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Constituents of the essential oil of Satvia stenophylla - First identi­
fication of (+)-epi-a-bisabolol in nature

E.-J. Brunke and F.-J. Ha^mmerschmidt

DRAGOCO Gerberding & Co. GmbH, Forschungsabteilung, Holzminden, B.R.D.

Salvia stenophylZa. (Burch, ex) is wild growing in Southern Africa. 
It is used in traditional medicine as disinfectant and insecticide and 
also as smoking tobacco additive.

The essential oil introduced to European perfume companies in 1976 
was analyzed by GC-MS. By comparison with authentic samples more than 
40 constituents were identified. The main constituent (aa. 30 %) was 
isolated by distillation and identified as (+)-epi-a-bisabolol by 
and ORD spectroscopy.



-54-



-55-

Essential oils of Israeli wild species of Labiatae

U. Ravid and E. Putievsky

Agricultural Research Organization, Newe Ya'ar Experiment Station, Israel

The essential oils of six wild Israeli species of the Labiatae family 
were studied. The main components in the oils of Majorana syriaca, Cori- 
dothymus capitatus, Satureja thymbra, Salvia fruticosa, Salvia dominica 
and Micromeria fr-uticosa were identified. Two phenolic chemotypes, thyymol 
and carvacrol, were found in the species Ma.jorana syriaca and Coridothymus 
capitatus.

The hydrodistilled oils were analyzed by means of GLC and GC-MS. 
Identification of individual compounds isolated from the oils by fractio­
nal distillation and preparative gas chromatography was made by IR spec­
troscopy.
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Formation of volatile oil in clary sage under different conditions 

G. Verzar-Petri, M. Then and S. Meszaros

Semmelupis Medical University, Institute of Pharmacognosy, Budapest, 
Hungary

The industrial distillation of essential oils is carried out directly 
in many big farms. A high price of an essential oil depends on a standard 
quality based on a good technological process. The aim of this work was 
to find exact parameters for producing good qualities of essential oils 
both technologically and agriculturally.

The material used in this study was clary sage(Salvia sclarea L.).
The oil composition and the production of different organs were studied 
in many repetitions. Also the influence of external conditions (climate, 
soil) was investigated in order to choose the best harvesting time.

Investigations were carried out in laboratory and in field scales: 
the plant material was chopped up in different sizes and stills of 
different materials were tested.

The biggest fluctuation was found in the linalyl acetate content in 
all cases. The colour of the oil was hardly influenced by the content of 
sesquiterpenes.
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The influence of isolation conditions on the composition of essential 
oils containing linalool and linalyl acetate

G. Schmaus and K.-H. Kubeczka

Lehrstuhl für Pharmazeutische Biologie der Universität Würzburg, B.R.D.

Errors made in essential oil analysis during the early stages of iso­
lation and concentration can never be corrected at any later stage of 
component identification. Since the procedure used to isolate the essen­
tial oil can have profound effects on the resultant component mixture, 
the information we obtain is directly dependent on the procedure used for 
sample preparation or isolation.

During the investigations on lavender and clary sage, we observed that 
the essential oils isolated by different techniques like steam distilla­
tion or extraction with an organic solvent mixture showed significant 

differences.
Systematic investigations in a model system on the stability of the 

major oil components linalool and linalyl acetate in buffered distilla­
tion water (pH 2.2; 3.0; 4.0; 5.O; 6.0; 7.0 and 8«0) enabled us to 

correlate the artefacts found in essential oils obtained by steam 
distillation unequivocally with linalyl acetate. While linalool did not 
decompose in the pH range from 8.0 to 5.0, the allylic rearrangement of 
linalyl acetate could not be prevented even at pH 7.0.

Several components like myrcene, limonene, cis-ocimene, trans-ocimene, 
terpinolene, a-terpineol, nerol, geraniol, neryl and geranyl acetate, 
identified in the steam distillates of lavender and clary sage could not - 
or only in lower concentrations - be detected in the essential oils iso­
lated by solvent extraction.

Since it was not possible to obtain an essential oil representing the 
genuine composition by steam distillation, we have primarily extracted 
the volatiles with organic solvent. Non volatile components, also present 
in the extract, such as fats, waxy materials and plant pigments, may 
render the GLC analysis difficult. We used a second step gas phase 
stripping technique for the separation of these volatiles.

The combination of solvent extraction and gas phase stripping yielded 
an essential oil being qualitatively and quantitatively comparable to the 
genuine composition, while the formation of artefacts could be prevented.
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Effects and side-effects of essential oils

H. Schilcher

Institut für Pharmakognosie und Phytochemie der Freien Universität Berlin, 
B.R.D.

Essential oils are not only very complex composed but also chemically 
very heterogeneous. No wonder, that many different effects are known. 
Pharmacological and clinical tests and experience of the traditional 
medicine show that essential oils have the following effects on external 
application: hyperaemic, antiinflammatory, antiseptic, granulation-pro­
moting, desodouring, insecticide and repellent actions. On oral applica­
tion the following effects are observed: expectorating, appetite-stimu­
lating, choleretic, cholekinetic, carminative, spasmolytic, antiinflamma­
tory, antiseptic, diuretic, sedative and CNS-stimulating. Many other 
effects are reported in the traditional medicine.

The main side-effects of essential oils are allergic reactions, some 
have phototoxic effects, only a few essential oils show necrotic, narco­
tic, abortive, nephrotoxic, hepatotoxic and cancer-producing reactions.
In many cases the side-effects are pure toxic effects caused by abuse of 
essential oils.
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Concentration of odorous headspace volatiles

R. ter Heide

Naarden International N.V., Naarden-Bussum, The Netherlands

Highly volatile odorous compounds may contribute significantly to 
the aroma of natural products. They can be studied by examination of 
the vapour phase above the sample by so-called headspace analysis.

The static method is the simplest method of examination. We applied 
this method to study equilibria as they occur in alcoholic beverages.
As an example the equilibrium aldehyde-acetal in ethanolic solution is 
described. A major disadvantage of direct vapour analysis is that 
identification is limited to the main components in the vapour phase.

To obtain detectable amounts of minor headspace components, enrich­
ment is required. Transfer of the headspace vapour with an inert gas 
onto the porous polymers Chromosorb 102 and Tenax GC was found to be 
suitable for this purpose. Methods to concentrate different amounts 
of headspace vapour were developed. The volatiles were thermally 
desorbed and condensed in a glass capillary tube to enable odour 
evaluation, GC-MS analysis and, when necessary, IR and NMR spectroscopy.

Sometimes difficulties were met with dominant compounds in the head­
space concentrates. Interfering ^amounts of water could be avoided by 
using a tandem-wise arrangement of traps containing different ^amounts 
of porour polymer taking advantage of the low breakthrough volume of 
water. Ethanol and monoterpene hydrocarbons could be retained on speci­
fic stationary phases.

Results on headspace analysis of some natural products are reported.
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Moreover, the technique is fundamentally non-destructive, and conse­
cutive sampling of the same "maturing" material as a function of time 
becomes possible (sometimes distributed over days or even weeks). This 
allows investigating aroma formation as such, and the influence of exo­
genously applied compounds on aroma formation in biochemical studies.

(1) F. Chialva, G. Gabri, P.A.P. Liddle and F. Ulian in "Aromatic Plants: 
Basic and Applied Aspects" (N. Margaris, A. Koedam and D. Vokou, Eds.), 
Martinus Nijhoff Publ., The Hague (1982) p. 183
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Comparison between headspace analysis after concentration on Tenax GC, 
and analysis of the essential oil of intact apples (Malus domestica cv 
Golden Delicious), ginger powder (Zingiber officinale), fresh lovage 
(Levisticum officinale), fresh celery (Apium graveolens) and honeysuckle 
(Lonicera periclymenum)

H.L., De Pooter, B.A. Coolsaet and N.M. Schamp

Laboratory of Organic Chemistry, Faculty of Agricultural Sciences, Gent, 
Belgium

Analyses of the aroma of spices, herbs, fruits, flowers and vegetables 
were usually performed by investigating the corresponding oils. In this 
way the composition of the total sum of the volatiles was obtained, which 
does not necessarily correspond to the composition of the fragrance one 
observes. Recently the headspace of dried herbs was successfully analyzed 
by direct sampling, showing the difference between, and the complementary 
character of, essential oil and headspace analyses (I).

However, for obtaining information about the fragrance of fresh fruits, 
vegetables, herbs and flowers, the above method does not (or only partially) 
succeed, because the content of volatiles in the headspace is in general 
too low, so that a preliminary concentration of the substances becomes 
necessary. This is performed by removing the volatiles with a slow stream 
of air as they are set free by the plant material, and adsorbing them on 
Tenax GC in a glass adsorption tube. In a suitably adapted gas chromato­
graph, the substances are then desorbed by gradual heating, collected in 
a cold trap, and finally injected on a capillary col̂ umn. The efficiency 
and limitations of the method are illustrated by comparing the analyses 
of headspace and essential oil of apples, ginger, lovage, celery and 
honeysuckle.

Generally the concentration of lower boiling compounds is relatively 
higher in the headspace than in the corresponding oil, which facilitates 
identification. On the other hand, some of the less volatile or thermo­
labile substances can only be detected in trace amounts, confirming that 
headspace analysis complements essential oil analysis to a large extent.
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Differences in yield components and essential oils during the life 
cycle of Origanwn vulgare L.

S.Z. Husain*, E. Putievsky0 and U. Ravid0

*Dept. of Botany, University of Reading, Whiteknights, England 
0Agricultural Research Organization, Newe Ya'ar Experiment Station, 
Israel

Ten lines of Origanwn vulgare L. selected from wild populations were 
studied for yield components under intensive conditions during two years 
of growth. They were divided into three groups according to their 
characteristics.

The characters examined - fresh weight, biomass ratio between various 
parts of the plant, essential oil yield and main constituents - show 
considerable variation amongst the three groups. The flavonoid distri­
bution in these three groups was also examined.

The connections between the phenology, harvest date and yield and 
percentage of essential oil components are discussed.
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Progress in isolation techniques for essential oil constituents

K.-H. Kubeczka

Lehrstuhl für Pharmazeutische Biologie der Universität Wurzburg, B.R.D.

The procedures most frequently employed to isolate the constituents 
of essential oils have been fractional distillation and chemical methods 
such as formation of decomposable derivatives. The major limitations of 
both techniques are, that pure compounds are relatively seldom obtained 
and that isomerization and decomposition occasionally take place.

A substantial improvement was the introduction of chromatographic 
methods for essential oil analysis. ^rong these methods, which in the 
ideal case allow a separation of individual components, are first and 
foremost thin layer chromatography and preparative gas chromatography. 
According to more recent investigations, high performance liquid chro­
matography is also well suited to the separation of essential oil com­
ponents and sometimes shows significant advantages over currently 
applied TLC and GLC methods. Since analysis is generally performed with­
out exposition to air as in the case of TLC, and at ^ambient temperature, 
the destructive temperatures needed in gas chromatography are avoided 
and degradation products are not encountered.

Instead of HPLC, the relatively newly developed techniques of DCCC 
and RLCC can be used for separating essential oils into fractions or in 
the ideal case into individual pure compounds. These methods, based on 
the partition of oil constituents in a biphasic solvent system, allow 
above all the concentration of minor constituents, since relatively large 
samples can be separated in one analytical run. Comparing RLCC to DCCC 
one can particularly stress the superior flexibility of RLCC because no 
droplet formation is needed and consequently solvent systems with RLCC 
may be freely chosen.

All the methods mentioned have their advantagesand disadvantages 
and often only a skilful combination of several separation techniques 
can lead to the anticipated results.
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Studies on the composition of the essential oil of cineolic Eucalyptus

M.M. Carmo and S. Frazio

Serviço de Produtos Naturais, DTIQ, LNETI, Queluz de Baixo, Portugal

In order to obtain infomation about the composition of the essential 
oil of cineolic Eucalyptus from different provenience, eight essential 
oil samples obtained by hydrodistillation were investigated.

The results obtained by gas liquid chromatography show a typical 
finger-print although the content of the main constituent, 1.8-cineole, 
was similar.

Characteristic data and chromatograms of the samples studied will be 
given.
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Biology and essential oil of Humulus lupulus var. neomexiaanus

K. Knobloch

Institut für Botanik und Pharmazeutische Biologie der Universität 
Erlangen-Nürnberg, Erlangen, B.R.D.

^^wtus lupulus L. var. neomexiaanus Nels. & Cockerell is the only 
native genus and species of the Cannabaceae family within the Central 
Rocky Mountains, where it grows at an altitude of 1 300 tot 3 000 m.

It is found in canyons and foothills and is sometimes seen climbing 
over bushes. The annual aerial climbing stems arize from the perennial 
rhizome and become 5 to 10 m long. The opposite leaves are lobed 
palmately. Two of the female flowers sit together under a large per­
sistent bract. At maturity the bracts from the conelike "hops" change 
colors and appear as papery and conspicuous clusters known as strobiles.

The essential oil is produced by the female inflorescences, the 
strobiles, which contain oil bearing glands. The strobiles produce a 
different scent if compared to H. lupulus L. So far nothing is known 
about the composition of its essential oil.

Quantitative determinations on the essential oil of the hops 
revealed a seasonal dependence in oil biosynthesis. Samples collected 
in October were already air-dried due to the arid climate of Central 
Colorado. The content of essential oil was about 1 to 2 pl per 1 g 
of air-dried samples collected during the winter season, and it obvious­
ly stayed at this level until the end of July. Biosynthesis of the oil 
in female buds during the next vegetation period started again in 
early August and reached a maximum of 6 to 8 pl per 1 g of dried 
material in late summer depending very likely on the year's climatic 
data.

The main components of the essential oil were identified by means 
of GC and GC-MS. About 40 compounds, including monoterpene hydrocarbons, 
alcohols, ketones as well as methylesters of saturated and unsaturated 
organic acids were detected. Other substances were esters of short 
chain acids with monoterpene alcohols. and sesquiterpene hydrocarbons.
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Handling, quick optimization and choice of column wall material in 
capillary gas chromatography

W. Gunther* and F. Schlegelmilch°

*WGA, Dusseldorf, B.R.D.
°FHN, Krefeld, B.R.D.

The handling, i.e. installation of glass capillaries, is discussed.
The modification of the underground pretreatments by straightening the 
glass capillaries is shown by SEM and the influence of this procedure 
is discussed.

A very useful way of quick optimization for flame detectors is given. 
Also the fast setting up of carrier gas velocities is shown together 
with the possibility of calculating the velocity and the carrier gas 
flow.

The aims in the choice of column wall materials are given. Soft glass, 
borosilicate glass, fused silica and quartz are discussed.
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Sensory evaluation of flavour and fragrance compounds after headspace 
sampling, capillary chromatography and thermal conductivity detection

H. Obbens and L. Huber 

Hewlett-Packard GmbH, Waldbronn, B.R.D.

An analysis method is described, which gives a fast information on 
flavour and fragrance compounds of solid and liquid samples. The vapour 
phase above the thermostated sample is injected via an automated head­
space sampling unit into a chromatographic system. The separation of the 
individual compounds is performed on a thickfilm fused silica capillary 
column with a high sample capacity. The separated compounds are detected 
by a thermal conductivity detector with a low filament cell volume and a 
high sensitivity. After the detection, the individual compounds can be 
used for further evaluation like sensory tests and spectroscopic analyses.

The method does not require any sample preparation and can be used for 
liquid and solid samples.
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IX

INTRODUCTION

The 15th I n t e r n a t i o n a l  Symposium on E s s e n t i a l  O i l s  was o rgan ized  in  

Noordw ijkerhout  in  the neighbourhood o f  Le iden,  The Ne the r land s ,  a l s o  to 

c e leb ra te  t h a t  the very  f i r s t  be g in n in g  o f  these symposia  took p lace  in  

Le iden in  the f a l l  1969. Then the pharm acognos i s t s  Dr. F.W. Hefendehl 

( F r e ib u r g ,  FRG ) , Dr. K.-H. Kubeczka ( K a r l s r u h e ,  FRG), Dr. J. Ka r l sen  and 

P ro f .D r .  A. Baerheim Svendsen (both Le iden,  The N e ther land s )  came toge ther  

to f i n d  out  i f  i t  cou ld  be p o s s i b l e  to o rg an ize  q u i te  in formal  meetings 

a n n u a l l y  in  o rde r  to  d i s c u s s  common problems conce rn ing  e s s e n t i a l  o i l  

r e sea rch .  The meet ings  s t a r t e d  f a i r l y  modest and the group was sm a l l ,  but 

i t  in c rea sed  l i t t l e  by l i t t l e ,  and l a t e r  on more pharmacognos i s t s  and 

o the r  people — from u n i v e r s i t i e s  and from the i n d u s t r y  — in t e r e s t e d  in  

e s s e n t i a l  o i l  re sea rch  j o ine d  the group.

The 15th symposium was attended by about 80 p a r t i c i p a n t s  from the f o l ­

low ing  c o u n t r i e s :  Belg ium, Egypt ,  Eng land,  Federal  Repub l ic  o f  Germany, 

F in l a n d ,  France,  Hungary,  I s r a e l ,  I t a l y ,  The Ne the r land s ,  P o r t u g a l ,  Rwanda, 

S w i t z e r la n d ,  Turkey and Y u g o s la v ia .

So f a r ,  new methods and techn iques  in  e s s e n t i a l  o i l  re sea rch  have a l ­

ways been the main t o p i c s  o f  the sympos ia ;  in  a d d i t i o n  rep o r t s  on cu r ren t  

re sea rch  on e s s e n t i a l  o i l s  and e s s e n t i a l  o i l - b e a r i n g  p la n t s  have been de- 

1 ive red .

The 15th symposium had as main t o p i c  'headspace  a n a l y s i s  o f  e s s e n t i a l  

o i l s  and a romat ic  p l a n t s ' ,  and the method as wel l  as some a p p l i c a t i o n s  o f  

i t  were d e a l t  w ith  in  a s e r i e s  o f  main and s h o r t  l e c t u r e s .  A l s o  o the r  

methods and techn iques  were d i s c u s s e d  in  the l e c t u r e s .  In  a number of  

s h o r t  l e c t u r e s  and in  p o s te r s  r ep o r t s  were g iven  on c u r r e n t  re search  on 

e s s e n t i a l  o i l s  and t h e i r  c o n s t i t u e n t s  as wel l  as on e s s e n t i a l  o i l - b e a r i n g  

p l a n t s ,  t h e i r  p ropa ga t ion ,  c u l t i v a t i o n ,  etc.  A rev iew was g iven  on the 

b i o l o g i c a l  e f f e c t s  and s i d e - e f f e c t s  o f  e s s e n t i a l  o i l s  and t h e i r  c o n s t i t u ­

ents .  'The med ic ina l  p la n t s  in  the m i r r o r  o f  Dutch p a i n t i n g '  was the t i t l e  

o f  the opening l e c t u re .

We l i k e  to  thank the au tho rs  f o r  t h e i r  c o n t r i b u t i o n s ,  and the f o l l o w in g  

f i rm s  and o r g a n i z a t i o n s  f o r  t h e i r  f i n a n c i a l  suppor t :
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QUANTITATIVE ASPECTS OF FLAVOUR ANALYSIS BY EQUILIBRIUM AND DYNAMIC HEAD- 
SPACE GAS CHROMATOGRAPHY WITH CAPILLARY COLUMNS

B. KOLB

ABSTRACT

E q u i l i b r iu m  (E-HSGC) and dynamic (D-HSGC) headspace sampl ing  procedures 
with c a p i l l a r y  columns are compared. S p l i t  i n j e c t i o n  i s  w ide ly  used in  
headspace gas chromatography (HSGC) s in ce  a homogeneous gas mixture  i s  i n ­
jected  and non l i n e a r  s p l i t  behav iour  i s  unknown here. S p l i t l e s s  i n j e c t i o n  
i s  recommended i f  headspace sampl ing  i s  combined w ith  co ld  t rapp in g  in 
o rder  not to d i s t u r b  the e q u i l i b r iu m ,  s in ce  a la rge  sample i s  withdrawn 
over a lo nge r  pe r iod.  In t h i s  case the well  e s t a b l i s h e d  methods f o r  quan- 
t i t a v e  an a ly se s  with E-HSGC can be app l ied .  These methods, i n c lu d in g  
sample i d e n t i f i c a t i o n  by pattern  r e c o g n i t i o n ,  c a l i b r a t i o n  by the technique 
of  standard  a d d i t i o n  and the procedure o f  m u l t ip le  headspace e x t r a c t io n  
(MHE) are d i s cu s sed .  Problems w ith  D-HSGC techn iques ,  p a r t i c u l a r l y  con­
ce rn ing  an exhau s t ive  s t r i p p i n g  o f  a l l  the v o l a t i l e  c o n s t i t u e n t s  from the 
sample w ithout  l o s s  o f  the h i g h l y  v o l a t i l e  ones by breakthrough in  the ad­
so rp t io n  tube are d i s c u s se d  a l s o .  In cases  o f  m ixtures  with a wide range 
o f  v o l a t i l i t i e s ,  where the sample t r a n s f e r  can h a rd ly  be q u a n t i t a t i v e ,  the 
a p p l i c a t i o n  o f  the MHE p r i n c i p l e  i s  suggested  as a p o s s i b l e  s o l u t i o n .

INTRODUCTION

Headspace gas chromatography (HSGC) i s  s t r a i g h t f o rw a rd  when v o l a t i l e s  

have to be separated  from a s o l i d  or  l i q u i d  p r i o r  to  the GC a n a l y s i s ,  e .g.  

in case s  where the sample i t s e l f  cannot be in jec ted .  The a n a l y s i s  o f  the 

headspace vapours  above f o o d s t u f f s  by GC has been w ide ly  app l ied  in  aroma 

re sea rcn ,  but v a r io u s  techn iques  have been used which are a l l  c a l l e d  head- 

space techn iques.  The d i f f e r e n t  meaning o f  what i s  c a l l e d  headspace may 

cause some c o n fu s io n ,  p a r t i c u l a r l y  i f  the q u a n t i t a t i v e  a spec ts  are con­

cerned .

In agreement with W y l l i e  et a l . (1) there  are good reasons  to de f ine  

headspace as the gaseous mixture s u r round in g  a sample w i th in  a c lo sed  

system, which a cco rd ing  to a l l  thermodynamic r u le s  i s  in e q u i l i b r iu m .  

Contra ry  to t h i s  e q u i l i b r iu m  headspace method there  are a v a r i e t y  of  

methods which are used to i s o l a t e  the v o l a t i l e s  from a sample by s t r i p ­

p ing w ith  an i n e r t  gas.  Such cont inuous  s t r i p p i n g  procedures  need an i n ­

termediate  s to rage  zone, e i t h e r  a co ld  t rap  or an ad so rp t ion  tube, in

A. Baerheim Svendsen andJ.J.C. Scheffer (eds), Essentia! oils and aromatic plants, ISBN-13: 978-94-009-5137-2
©  1985 Martinas N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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which the v o l a t i l e s  are f i r s t  separated from the s t r i p p i n g  gas and fu r th e r  

concentrated by band focu s in g ,  p a r t i c u l a r l y  necessary  f o r  the r i g o rou s  de­

mands of  c a p i l l a r y  GC. Both the e q u i l ib r iu m  and the dynamic headspace pro ­

cedures have t h e i r  p a r t i c u l a r  advantages and t yp ica l  a p p l i c a t i o n s ,  which 

should be d iscu ssed  with spec ia l  emphasis on the q u a n t i t a t i v e  aspects .  One 

of the most a t t r a c t i v e  p rope rt ie s  o f  the equ i l ib r ium  headspace procedure 

i s  i t s  inherent  s im p l i c i t y ,  which lends i t s e l f  to automation, whi le  the 

expenditure to automate a dynamic headspace procedure i s  much more c o s t l y .  

The need fo r  automation i s  not so well recogn ized,  p a r t i c u l a r l y  not in 

research i n s t i t u t e s  where most o f  the work i s  re la ted  mainly  to q u a l i t a t ­

ive i n v e s t i g a t i o n s .  Most papers there fore  deal with i d e n t i f i c a t i o n  of  

f l a v o u r  compounds p re fe rab ly  with GC-MS combination, and fo r  such a p p l i ­

c a t ion  ne i the r  the q u a n t i t a t i v e  aspects  nor a high sample throughput seem 

to be important. The s i t u a t i o n ,  however, might be qu ite  d i f f e r e n t  when 

q u a l i t y  contro l  in the product ion,  e.g. food p roce ss ing ,  i s  concerned. 

D i f fe rence s  in the f l a v ou r ,  which might be qu i te  obvious  to the human 

nose, are often only  re la ted  to small d i f fe rence s  in  chromatographic peak 

r e l a t i o n s .  The s i g n i f i c a n c e  of  small d i f fe rence s  in an a n a l y t i c a l  r e s u l t ,  

however, needs to be confirmed by s t a t i s t i c a l  e va lua t ion ,  and even only  

two samples requ i re  a s e r i e s  o f  chromatograms to be processed,  and t h i s  

immediately c a l l s  f o r  automation. Automation in general improves the pre­

c i s i o n  of  the measurements and i s  thus a necessary  p re re q u i s i t e  fo r  s t a t ­

i s t i c a l  data p roce ss ing  and f o r  the conf i rmat ion  o f  the f i n a l  r e s u l t .

INSTRUMENTATION OF EQUILIBRIUM HEADSPACE GAS CHROMATOGRAPHY (E-HSGC)

HSGC i s  in fact  a gas a n a l y s i s  and the same sampling techniques are 

often used as common in gas a n a l y s i s .  G a s - t i g h t  s y r in ge s  or gas sampling 

va lves  with sample loops are thus w idely  employed. A gas s y r in ge  i s  the 

most popular  device fo r  t r a n s f e r r i n g  a gas sample from the headspace v ia l  

in to  a gas chromatograph. Apart from the contamination and adsorpt ion  

problems with such a device,  there i s  a more se r io u s  drawback, which i s  

caused by the fac t  that  a s y r in ge  i s  an open system during the sample 

t r a n s f e r .  Any pressure  which has been generated by the inc rease  of  the 

p a r t ia l  vapour p re ssu res  o f  a l l  the v o l a t i l e s  in  the sample by heating 

the v i a l ,  a l s o  extends in to  the sy r in ge .  During sample t r a n s f e r ,  however, 

the sy r in ge  needle i s  open to atmosphere and an undefined amount of the 

gas sample w i l l  be l o s t  by expansion of the headspace gas through the 

needle. Even small d i f fe rence s  in the humidity  of two otherwise iden t ica l
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samples can s im u la te  a b ig  q u a n t i t a t i v e  d i f fe re n c e  in  the concen tra t ion  of 

a v o l a t i l e  compound, a l though  the same sample volume i s  withdrawn from the 

v i a l .  O bv iou s ly  not on ly  the volume but a l s o  the p re s su re  must be held con­

s ta n t  to get the same sample amount onto the GC column, and independent of 

the sample compos it ion.  Such constan t  p re s su re  sampl ing i s  most e a s i l y  

ach ieved i f  the v i a l s  are f i r s t  p r e s s u r i z e d  with i n e r t  gas up to a con­

s ta n t  p re s su re .  By t h i s  procedure the sample amount becomes independent of  

the sample compos it ion  and good r e p r o d u c i b i l i t y  o f  sampl ing  i s  obta ined 

(2) .  Severa l  such systems are commercia l ly  a v a i l a b l e ,  from which the samp­

l i n g  p r i n c i p l e  as used in the HS-100 Automatic Headspace Sampler from 

Pe rk in -E lm er  ( F i g .  1) w i l l  be d i s cu s sed .  The whole in strument  w ith  a l l  i t s  

p o s s i b i l i t i e s  i s  de sc r ibed  e lsewhere (2 ) .

F ig .  1. Balanced p re s su re  sampl ing  w ith  the Pe rk in -E lm er  HS-100 Automatic 
Headspace Sampler.

The sampl ing  dev ice  comprises  a heated movable sampl ing  needle w ith  two 

vents and a s o le n o id  v a lv e ,  V I ,  in  the c a r r i e r  gas supp ly  l i n e .  Th is  

needle moves up and down in  a heated c y l i n d e r  and i s  sea led  by three 0- 

r i n g s .  In the standby p o s i t i o n  the lower needle vent i s  p laced between 

the two lower 0 - r i n g s  and thus sea led  a g a in s t  atmosphere, w h i le  the c a r ­

r i e r  gas f lows through va lve  VI to the column. A small c r o s s - f l o w  purges 

the c y l i n d e r  and i s  vented v ia  va lve  V2. At the end o f  the se le c ted  

the rm os ta t t in g  pe r iod ,  the sampl ing  needle descends,  p ie rce s  the septum
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cap and enters  the headspace o f  the v ia l  ( p r e s s u r i z a t i o n ). C a r r i e r  gas 

flows in to  the v ia l  and p re s su r i z e s  i t  e i t h e r  up to the head p ressure  of  

the column as shown in  F ig .  1 or to any other  h igher  p ressure  va lue,  which 

i s  provided by an add i t iona l  p ressure  regu la to r  (not shown in F ig .  1) and 

a so leno id  va lve.  The l a t t e r  arrangement i s  recommended fo r  columns with 

a small p ressure  drop such as wide bore c a p i l l a r y  columns. At e lapse  of 

the p rese lected  i n je c t io n  time (a few seconds)  both va lve s  open again. 

C a r r ie r  gas streams to the column and branches in o rder  to p re s su r i z e  the 

sample v ia l  again.  Th is  immediately stops  the i n je c t io n  and the re s idua l  

sample vapours in the needle are f lu shed  back in to  the v i a l ,  wh i le  the 

sample moves through the GC column.

Th is  'balanced p ressure  sampling p r i n c i p l e 1 w i l l  now be d i scu ssed  fo r  

i t s  a p p l i c a t io n  with c a p i l l a r y  GC. A small a l i q u o t  of  the headspace gas i s  

t r a n s fe r re d  onto the c a p i l l a r y  column and the s e n s i t i v i t y  i s  thus de te r ­

mined by t h i s  gas volume and the concentrat ion  of the v o l a t i l e  compounds 

in the headspace gas. The adm is s ib le  gas volume o f  a c a p i l l a r y  column i s  

s u r p r i s i n g l y  small as compared to a packed column, due to the sm a l le r  

c r o s s - s e c t i o n .  The headspace s e n s i t i v i t y  o f  a packed column i s  there fore  

s u p e r io r ,  whi le  that of  a c a p i l l a r y  column i s  l im i ted  by the requirement 

to maintain the separat ion  e f f i c i e n c y  of the c a p i l l a r y ,  which needs a 

small s t a r t i n g  bandwith of  the sample plug.  The adm is s ib le  sample volume 

of  a c a p i l l a r y  column can e a s i l y  be determined from the geometric dimen­

s ion s  o f  the c a p i l l a r y  and the l i n e a r  c a r r i e r  gas f lowrate  in the column. 

I f  the s t a r t i n g  bandwith of  the v o l a t i l e  sample c o n s t i tu en t s  should not 

exceed fo r  in s tance  1 second, a sample volume of  on ly  24yl  i s  thus admiss ­

ib l e  with a c a p i l l a r y  of  0.32 mm i . d .  and a l i n e a r  c a r r i e r  gas flow o f

30 cm/s. Th is  i s  not much, but a l a r g e r  sample volume w i l l  cause an un­

wanted band broadening.

These con s id e ra t ion s  apply  both fo r  s p l i t  and s p l i t l e s s  i n je c t io n .  But 

in  gas a n a l y s i s  i t  does not make much d i f fe rence  which o f  these two i n ­

je c t io n  techniques i s  used. The use o f  an i n l e t  s p l i t t e r  needs a la r g e r  

sample volume to be in jec ted  accord ing to the s p l i t  r a t i o ,  but again the 

s t a r t i n g  bandwidth determine the actual sample volume in the column. 

S p l i t l e s s  i n j e c t io n ,  the re fo re ,  does not n e c e s s a r i l y  increase  the s e n s i ­

t i v i t y  as in the case o f  l i q u i d  sampling, s ince  a comparable so lven t  e f ­

fect  can not be used in gas sampling in  genera l.

S p l i t  i n j e c t io n  has no disadvantage and i s  w ide ly  used in  HSGC. A non
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l i n e a r  s p l i t  behav iou r  i s  unknown here, s in ce  a homogeneous gas m ixture  i s  

a l r e a d y  withdrawn from the v i a l .  On the o the r  hand i s  s p l i t l e s s  i n j e c t i o n  

recommended i f  a small a l i q u o t  o f  the gas phase o n ly  shou ld  be taken from 

the v i a l  in  o rde r  not t o . d i s t u r b  the p a r t i t i o n  system, o r  i f  enr ichment 

techniques  are a pp l ied ,  e .g .  by u s ing  a co ld  zone, as d i s c u s se d  below.

A band f o c u s in g  e f f e c t  can be ach ieved  even in  HSGC by ap p ly in g  a co ld  

zone between the sampl ing  device  and the column, as has been shown by 

Kuck (3 ) ,  who cooled the f i r s t  pa r t  o f  a g l a s s  c a p i l l a r y  column by a stream 

o f  co ld  a i r .  The same e f f e c t  i s  obta ined  when the whole oven, i n c lu d in g  

the column, i s  cooled  down and even small temperature d i f f e re n c e s  may be 

e f f e c t i v e  to get a remarkable band fo c u s in g ,  as demonstrated by comparing 

the chromatograms in  F i g .  2. In  chromatogram A the sampl ing  time, which 

determines here the s t a r t i n g  bandwith, was chosen to be sh o r t  enough so 

as to get sharp  peaks and good se p a ra t io n  of  the h i g h l y  v o l a t i l e  compounds 

aceta ldehyde and e thano l ,  wh i le  the lower v o l a t i l e  free  f a t t y  a c id s  are 

e lu ted  by temperature programming. A f i v e  times l o ng e r  i n j e c t i o n  time de­

t e r i o r a t e s  the e a r l y  e lu ted  peaks by a correspond! 'ng band broadening, 

w h i le  the peak shape o f  the free  f a t t y  a c id s  i s  not a f fe c ted  at  a l l .  The 

peak h e ig h t s ,  however, and thus  the s e n s i t i v i t y ,  i s  in c rea sed  about f i v e  

t imes.  In  o rde r  to get  s i m i l a r  good se p a ra t io n  o f  the e a r l y  e lu ted  peaks 

too, the i n i t i a l  temperature had to be lowered f u r t h e r  down and such an 

example o f  c r y o fo c u s i n g  i s  shown in F i g .  3.

By u s ing  the p o s s i b i l i t y  o f  such a co ld  zone, an enr ichment by a f a c t o r  

30-50 can be ach ieved,  as has been shown by Kuck (3 ) .  I t  shou ld  be noted 

tha t  in combination  w ith  s p l i t l e s s  i n j e c t i o n  t h i s  enr ichment e f f e c t  i s  ob­

ta ined  w ithout  d i s t u r b i n g  the p a r t i t i o n  e q u i l i b r iu m  du r in g  the sampling 

time, s in ce  even w ith  an in c rea sed  sample volume the sampl ing  time i s  

sho r t  enough, compared with  the slow d i f f u s i o n  o f  the v o l a t i l e s  between 

both phases,  to  prevent any change in  the compos it ion  o f  the gas phase 

du r in g  the sampl ing  time. I t  s t i l l  remains an e q u i l i b r iu m  headspace p ro ­

cedure and i s  not a dynamic technique.  These are on the o ther  hand a l l  

c h a ra c te r i z ed  by the fa c t  that  e q u i l i b r iu m  i s  and shou ld  c o n t in u o u s l y  be 

d i s t u r b e d .

The combined s p i i t l e s s / c r y o f o c u s i n g  c a p i l l a r y  i n j e c t i o n  technique,  

th e re fo re ,  a l l o w s  a l l  c a l i b r a t i o n  methods f o r  q u a n t i t a t i v e  headspace ana­

l y s e s  which are common in E-HSGC to be app l ied  here a l s o .  These methods 

shou ld ,  th e re fo re ,  be d i s c u s s e d  s h o r t l y  before  proceeding  to the dynamic



8 6 3

N--------------- 8'C/m in---------------H H--------------8*C/min--------------- H
180'C 70 *C 180*C 70*C

F ig .  2. Headspace a n a l y s i s  o f  f l a v o u r  compounds from cheese. Perk in -E lmer  
Sigma 2000, HS-100; column, fused s i l i c a  (25 m x 0.32 mm) coated 
with FFAP; balanced pressure  sampl ing,  s p l i t l e s s ;  sample, 2 g 
cheese, gr inded, thermostatted 60 min at 90°C; chromatogram A, 
sampling time 4.8  s;  chromatogram B, sampling time 24 s . 1 = ace t ­
aldehyde; 2 = ethanol;  3 = ace t ic  ac id ;  4 = p rop ion ic  ac id  (130 
ppm); 5 = i s o b u t y r i c  ac id ;  6 = b u t y r i c  ac id ;  7 = i s o v a l e r i c  ac id  
(85 ppm).
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headspace techn iques.

F ig .  3. Headspace a n a l y s i s  of  tea aroma by c r y o fo c u s in g .  Pe rk in -E lm er
Sigma 2000, HS-100; column, fused s i l i c a  (50 m x 0.32  mm) coated 
w ith  SE -54 ;  temperature program, 60°C (6 m in),  then 60-140°C 
(6°C/min),  a f t e r  4 min at  140°C, 140-200°C (20°C/min), then 200°C 
(25 m in);  c a r r i e r  ga s ,  Helium; sampl ing,  s p l i t l e s s  i n j e c t i o n ,
0.5  min; c r y o f o c u s i n g , -70°C, 200°C; sample, 400 mg tea (Ear l  
G r e y ) , 15 min at 80°C.

QUANTITATIVE EQUILIBRIUM HEADSPACE ANALYSIS

The f i r s t  step  in  the development o f  a q u a n t i t a t i v e  procedure f o r  E-HSGC 

i s  the de term inat ion  o f  both the time and the temperature which are 

nece ssa ry  to ob ta in  a s t a te  o f  e q u i l i b r iu m .  Th i s  i s  e a s i l y  c a r r i e d  out  by 

p ro c e s s in g  a s e r i e s  o f  samples from the same mater ia l  with i n c re a s in g  

the rm os ta t t in g  time at  a p re se lec ted  temperature u n t i l  the peak s i z e  re ­
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mains constant.

To begin with  a de ta i led  d i s c u s s i o n  o f  the q u a n t i t a t i v e  aspects ,  i t  

seems to be necessary  to mention the use o f  in te rna l  s tandards,  which are 

often  added to a sample i f  the r e p ro d u c ib i1i t y  o f  sampling i s  not s a t i s ­

f ac to ry ,  as i s  o ften  found with manual ly  operated gas s y r in g e s .  With au to ­

m a t i c a l l y  operated pneumatic sampling systems,  however, the instrumental  

p r e c i s i o n  favours  the a p p l i c a t io n  of external  s tandards  ra the r  than the 

ad d i t io n  o f  in te rna l  s tandards  with  t h e i r  n e c e s s a r i l y  high v o l a t i l i t y ,  

which are often  very cumbersome to mix p r e c i s e l y  to each sample.

Q u a n t i t a t i ve  A n a l y s i s  o f  the Aroma Composition

When a s ta te  o f  e q u i l ib r iu m  i s  achieved, the phase d i s t r i b u t i o n  o f  a 

v o l a t i l e  so lu te  i s  determined by i t s  p a r t i t i o n  c o e f f i c i e n t  K accord ing  to 

Equation 1, and the peak s i z e  A in  the r e s u l t i n g  headspace chromatogram 

i s  thus p roport iona l  to the gas phase concentrat ion  Cg (Equation 2),  

whi le  Cl i s  the concentrat ion  of  the l i q u i d  sample.

Equation 1: K = Cl/Cg Equation 2: A ~  Cg = Cl/K

The chromatogram in fac t  shows the actual composit ion  of  the gas phase 

above a sample, and a q u a n t i t a t i v e  a n a l y s i s  o f  the aroma composit ion  needs 

on ly  the detector  response fa c to r  o f  each compound to be included in  the 

c a l c u l a t i o n ,  as usual in  GC a n a l y s i s .  The r e s u l t ,  however, i s  the aroma 

composit ion in a c lo sed  system, whi le  f o r  an open environment the MHE 

procedure, which w i l l  be d i scu s sed  l a t e r ,  may be more s u i t a b le  in  order  

to f o l low  the change in  the aroma composit ion with the time.

Sample I d e n t i f i c a t i o n  by Pattern  Recogn it ion

Without any c a l i b r a t i o n  a headspace chromatogram may be used as a 

f i n g e r p r i n t  to cha rac te r ize  o r  i d e n t i f y  a sample. Again,  an e q u i l ib r iu m  

prov ides  f o r  the requ ired  r e p ro d u c ib i1i t y . Th i s  a p p l i c a t io n ,  however, i s  

p re fe rab ly  c a r r ied  out on the b a s i s  o f  a l i s t  o f  i d e n t i f i e d  compounds and 

t h e i r  q u an t i t a t i v e  peak area r e l a t i o n s ,  ra the r  than u s ing  the analogue 

chromatogram i t s e l f .  The simple comparison o f  two chromatograms may often 

be qu ite  in fo rmat ive  f o r  an exper ienced a n a ly s t ;  with  in c re a s in g  numbers 

o f  reference chromatograms, however, t h i s  a p p l i c a t i o n  can be c a r r ie d  out 

on ly  by pattern  re co gn i t io n  with  a computer. Th i s  approach requ i re s  that  

the high number o f  data be independent from chromatographic and i n s t r u ­

mental parameters, as well as from the in f luence  of  the column s t a b i l i t y .
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Q u a n t i t a t i v e  A n a l y s i s  o f  L i q u i d  Samples

Most  headspace a p p l i c a t i o n s  a sk  f o r  c o ncen t ra t ion  o f  a v o l a t i l e  compound 

in  the l i q u i d  or  s o l i d  sample, r a th e r  than in  the gas phase above i t .

Th i s  i s  p o s s i b l e  too, and the a n a l y s i s  o f  a l i q u i d  sample by E-HSGC i s  

d i s c u s s e d  f i r s t ,  s i n c e  i t  i s  the most s imple  example. The e q u i l i b r i u m  i s  

determined by the p a r t i t i o n  c o e f f i c i e n t  K acco rd in g  to Equat ion  1, and 

the peak s i z e  A in  the headspace chromatogram i s  p rop o r t ion a l  to  the gas 

phase c o nce n t ra t io n  Cg, as de sc r ibed  by Equat ion  2. The r e l a t i o n s h i p  o f  

Equat ion  2 needs c a l i b r a t i o n ,  which now in c lud e s  not o n l y  the de tec to r  

response  but a l s o  the p a r t i t i o n  c o e f f i c i e n t  K and thus  the in f lu e n c e  o f  

the l i q u i d  sample m atr ix  on the v o l a t i l i t y .

I f  the pure sample m atr ix  i s  a v a i l a b l e ,  the re  i s  no problem in  p re ­

p a r in g  a c a l i b r a t i o n  s tanda rd ,  but such samples are ra re  in  HSGC. Some­

t imes the m atr ix  can be s im u la ted ,  e .g .  f o r  f l a v o u r  a n a l y s i s  o f  an a l c o ­

h o l i c  beverage the m atr ix  i s  prepared from an aqueous e t h a n o l i c  s o l u t i o n .  

Most  p r a c t i c a l  samples f o r  HSGC, however, have an undef ined m a t r ix ,  which 

i s  in c luded  in  the c a l i b r a t i o n  procedure at be st  by the technique  o f  

s tandard  a d d i t i o n  as shown in  the example o f  F i g .  4.

The technique  o f  s tandard  a d d i t i o n  i s  the most u n i v e r s a l  c a l i b r a t i o n  

method in  HSGC, but r e q u i r e s  two a n a ly s e s  to be c a r r i e d  out from each 

sample, one from the o r i g i n a l  sample and another  a f t e r  a d d i t i o n  o f  a c e r ­

t a i n  amount o f  the compound, the c o nce n t ra t io n  o f  which i s  c a l c u l a t e d  from 

the d i f f e re n c e  in  the peak s i z e  between both chromatograms. O b v io u s ly  

any m a t r ix  e f f e c t s  are  compensated. I t  i s  good p r a c t i c e  in  HSGC to s t a r t  

w ith  t h i s  procedure i f  a new and unknown sample type has to  be ana lyzed .  

Th i s  procedure, however, i s  r e s t r i c t e d  to l i q u i d  samples and cannot be 

a p p l i e d  to s o l i d s  u n le s s  the s o l i d  m a te r ia l  i s  f i r s t  d i s s o l v e d  and the 

r e s u l t i n g  s o l u t i o n  used f o r  HSGC. Th i s  s o l u t i o n  approach i s  w id e ly  a p p l ie d  

f o r  the de te rm ina t ion  o f  monomers in  po lymers,  but s u f f e r s  the d i s a d v a n ­

tage o f  decreased s e n s i t i v i t y  due to  the a d d i t i o n a l  d i l u t i o n  and inc reased  

s o l u b i l i t y  o f  the v o l a t i l e s  in  the s o l v e n t .

Q u a n t i t a t i v e  A n a l y s i s  o f  S o l i d  Samples by the Technique o f  M u l t i p l e  
Headspace E x t r a c t i o n  (MHE)

The problem w ith  s o l i d  samples f o r  the q u a n t i t a t i v e  a n a l y s i s  o f  a v o l ­

a t i l e  in  i t  i s  a p r a c t i c a l  one, because i t  i s  c l e a r l y  im p o s s ib le  to add 

t race  c o n c e n t r a t i o n s  o f  v o l a t i l e  compounds homogeneously to  such samples 

f o r  a p p ly in g  the technique  o f  s tanda rd  a d d i t i o n .  In p r i n c i p l e ,  however,
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F ig .  4. Q uan t i ta t ive  headspace a n a l y s i s  o f  1.1% camphor (C) in  massage 
cream by the technique o f  s tandard add i t io n .  Perk in -E lm er  Sigma 
2, HS-6; column, g l a s s  c a p i l l a r y ,  coated with  Carbowax 20M; 
s p l i t  i n j e c t io n ;  chromatogram I ,  1 g sample at 80°C; chromato­
gram I I ,  1 g sample + 5 mg camphor.

the same r e s u l t  can be achieved i f  a ce r ta in  f r a c t i o n  of  the v o l a t i l e  

so lu te  i s  taken away from the sample ra the r  than added. With the pneumatic 

sampling device, as descr ibed  p re v io u s l y ,  the headspace v i a l s  remain p r e s s ­

u r ized  a f t e r  each i n je c t io n  and the e a s i e s t  way to remove a part  o f  the
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v o l a t i l e  s o lu t e  i s  by ven t in g  the p r e s s u r i z e d  v i a l  to  atmosphere, e .g.  by 

p i e r c i n g  the septum o f  the v i a l  manual ly  w ith  a s y r i n g e  needle.  With the 

HS-100 Automatic  Headspace Sampler t h i s  vent inq  procedure as wel l  as  i t s  

in s t rum enta l  d e t a i l s  are  de sc r ibed  e lsewhere ( 2 - 6 ) .  I f ,  f o r  example, the 

p re s su re  in  the v i a l  i s  one bar, h a l f  o f  the gas phase i s  vented and the 

e q u i l i b r a t e d  p a r t i t i o n  system w i l l  thus  be d i s t u rb e d  s e r i o u s ! v .  A f t e r  the 

n ec e s sa r y  e q u i l i b r a t i o n  time, however, a second headspace a n a l y s i s  w i l l  

r e s u l t  in  a chromatogram in  which the peaks are  sm a l le r .  I f  repeated s e v ­

e ra l  t imes,  a l l  the v o l a t i l e s  are s t r i p p e d  o f f  and a cont inuous  s t r i p p i n g  

process  i s  thus  s im u la ted  by a s tepw ise  approach. I f  c a r r i e d  out u n t i l  o r  

c lo se  to e xha u s t ion ,  a s e r i e s  o f  chromatograms i s  obta ined,  from which 

the peak a rea s  f o r  each v o l a t i l e  must be summed to get  an area t o t a l .

T h i s  t o t a l  i s  p ro p o r t i o n a l  to  the to ta l  amount o f  that  compound present  

in  the headspace v i a l  in  both phases and not j u s t  in  the gas phase. Th i s  

area t o t a l  i s  thus indpendent from the d i s t r i b u t i o n  r a t i o  o f  that  v o l a t i l e  

between both phases,  thus e l im in a t i n g  any in f lu e n c e  o f  the sample matr ix .  

Th i s  area t o t a l ,  however, must not n e c e s s a r i l y  be determined experimen­

t a l l y ,  but can be c a l c u l a t e d  bv mathematical e x t r a p o l a t i o n ,  s i n c e  the 

s tepw ise  e x t r a c t i o n  at equal time i n t e r v a l s  preceeds a cco rd ing  to an ex­

ponent ia l  f u n c t io n .  The area t o t a l  Z A i s  de r ived  as the sum o f  a geomet­

r i c  p r o g re s s i o n .  Only  a few o f  these  de te rm ina t ion s  are needed to apply  

l i n e a r  r e g r e s s i o n  c a l c u l a t i o n .  In  p r a c t i c e  two de te rm ina t ion s  have often  

been found s u f f i c i e n t  to c a l c u l a t e  t h i s  area  t o t a l  Z A from the f i r s t  

(A-j) and the second area va lue  from the two s u c c e s s i v e  chromatograms

acco rd ing  to  the f o l l o w in g  equat ion

Equat ion  3: Z A = A^/ (A-j -

S in ce  t h i s  s im p le  two-step  procedure  needs two chromatoqrams to be run 

on the sample, i t  i s  comparable to the technique  o f  s tandard  a d d i t io n .

The area t o t a l ,  ob ta ined  e i t h e r  by l i n e a r  r e g re s s i o n  c a l c u l a t i o n  o r  by 

the s im p le r  two-step  procedure, needs to be c a l i b r a t e d  l i k e  any peak area 

in  eve ry  GC a n a l y s i s ,  but t h i s  c a l c u l a t i o n  i n v o l v e s  the d e tec to r  response  

and the in s t rum enta l  c o n d i t i o n s ,  but no lo nge r  the m atr ix  e f f e c t s .  Such a 

c a l i b r a t i o n  s tandard  can thus  be prepared from a sample w ith  e i t h e r  a 

s i m i l a r  o r  a d i f f e r e n t  m a t r ix  and even the pure vapour o f  th a t  v o l a t i l e  

compound in  an empty headspace v i a l  can be used. Such a vapour sample can 

e a s i l y  be prepared i f  a small  amount -  a few m i c r o l i t e r s  - o f  the re sp e c t ­

ive  compound o r  a d i l u t e  s o l u t i o n  i s  vapour ized  in  an empty v i a l .
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The MHE procedure can be app l ied  f o r  s o l i d  samples i f  these are pre­

sent e i t h e r  as a f ine  porous powder or ay a th in  f i lm ;  i t  can be used 

with l i q u i d  samples a l s o ,  but requ i re s  a high v o l a t i l i t y  o f  the sample 

c on s t i t u e n t s ,  e.g.  p a r t i t i o n  c o e f f i c i e n t  sm a l le r  than 100. Otherwise,  the 

d i f fe rence  in the peak s i z e s  between two su c ce s s i v e  chromatograms w i l l  be 

too small as to a l low  e x t rapo la t ion  fo r  exhaust ive  e x t rac t ion .  L iqu id  

samples which do not meet t h i s  requirement are p re fe rab ly  analyzed by the 

technique of  standard add i t io n ,  as d i scu s sed  above.

As a p r a c t i c a l  example, F ig .  5 shows the f i r s t  three chromatograms of 

a f i v e - s t e p  MHE procedure f o r  the determination of 73 yg/g t rans-1  , 2 - d i - 

ch ioroethy lene  in coffee powder.

*

jUHy-

F ig .  5. Determination o f  73 ppm (w/w) t r a n s - 1 , 2 - d ic h io ro e th y le n e  in
coffee powder by m u l t ip le  headspace e x t ra c t io n  (MHE). Pe rk in -  
Elmer Sigma 2000, HS-100; column, fused s i l i c a  (50 m x 0.32 mm) 
coated with SE-54; 70°C i so therm a l;  c a r r i e r  gas,  Helium; s p l i t  
i n j e c t i o n ;  sample, 474 mg coffee + 100 yl water ( d i s p l a c e r ) ,  30 
min at 80°C.
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The p l o t  in  F i g .  6 shows the de te rm ina t ion  o f  t h i s  r e s u l t  by l i n e a r  r e ­

g r e s s i o n  c a l c u l a t i o n ;  the area  va lue s  are  p lo t te d  in  a s e m i lo g a r i t h m ic  

s c a l e  v e r su s  the number o f  s u c c e s s i v e  a n a l y s e s  and a l i n e a r  r e l a t i o n s h i p  

i s  thus  ob ta ined ,  which enab le s  the e x t r a p o l a t i o n  o f  the area  t o t a l  ( f i n a l  

area )  in  both the co f fee  sample and the c a l i b r a t i o n  s tanda rd .  The l a t t e r  

was prepared by i n j e c t i n g  3 y l  o f  a s o l u t i o n  o f  5.06 mg/ml t r a n s - 1 , 2 - d i - 

c h lo ro e th y len e  in  d ioxan  i n t o  an empty headspace v i a l .  T h i s  c a l i b r a t i o n  

s tanda rd  was ana ly zed  th ree  t imes w ith  the MHE procedure ,  and the r e s u l t ­

ing  peak a rea s  are l i s t e d  in  the p lo t  as shown in  F i g .  6, w h i l e  the c h ro ­

matograms are  not shown here.

F i g .  6. Q u a n t i t a t i v e  de te rm ina t ion  o f  73 ppm (w/w) t r a n s -1  , 2 - d i c h l o r o -  
e thy lene  in co f fee  powder by a f i v e - s t e p  MHE a n a l y s i s  ( see  F i g .  
5) w i th  l i n e a r  r e g r e s s i o n  c a l c u l a t i o n .

INSTRUMENTATION FOR DYNAMIC HEADSPACE GAS CHROMATOGRAPHY (D-HSGC)
There are numerous d e s c r i p t i o n s  o f  v a r i o u s  de v ice s  f o r  pe rfo rm ing  what 

i s  termed as dynamic headspace sam p l ing .  S in ce  a l l  these  procedures  are 

based on s t r i p p i n g  the v o l a t i l e s  from a sample by a cont inuous  f low  o f  

i n e r t  ga s ,  an in te rm ed ia te  s to ra ge  zone i s  e s s e n t i a l  because the s t r i p ­

p ing p roce ss  i s  in  genera l  too long  to be performed o n - l i n e  w i th  the gas
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chromatograph. Add it iona l  focu s in g  o f  the o r i g i n a l  broad concentrat ion  pro­

f i l e  becomes necessary,  and at the same time the concentrat ion  in the gas 

phase must be increased,  s ince  depending on the v o l a t i l i t y  o f  the re spec t ­

ive  compounds, a h i g h l y  d i l u ted  gas sample i s  obtained. Such a s torage  zone 

helps to separate the v o l a t i l e s  from the bulk  o f  i n e r t  s t r i p p i n g  gas,  and 

in t h i s  way a remarkable enrichment i s  achieved. Th is  i s  the main advantage 

o f  the dynamic versus  the e q u i l ib r iu m  headspace procedure.

The sepa ra t ion  o f  the v o l a t i l e s  from the s t r i p p i n g  gas can be performed 

e i t h e r  by ab so rpt ion  in a so lven t  o r  by ad so rpt ion  on a s o l i d  adsorbent.

I f  a s t rong  adsorbent i s  used, such as charcoa l,  s i l i c a  gel o r  alumina, 

the subsequent desorpt ion  needs in general to be performed by displacement 

with a so lven t  and a d i l u t e  s o lu t i o n  i s  thus obtained, as in  the case o f  

absorpt ion  in  a l i q u i d  so lven t .  Th i s ,  on the other hand, reduces the en­

richment e f f e c t ,  s in ce  again an a l i q u o t  of  the d i l u t e  s o lu t i o n  can only  

be in jec ted  by a s y r in ge .  For  h i g h l y  v o l a t i l e  compounds the r e s u l t i n g  s o l ­

u t ion  a l t e r n a t i v e l y  can be analyzed by E-HSGC instead o f  the usual s y r in ge  

i n je c t io n .  In t h i s  case a low v o l a t i l i t y  s o lven t ,  such as benzyl a lcohol  

i s  p re fe rab ly  used as a d i s p l a c e r  ( 7 -9 ) .  Benzyl a lcohol  i s  e luted  late  in  

the r e s u l t i n g  headspace chromatogram or may be removed by back f lu sh in g  (8, 

9).

Thermal desorpt ion  i s  more popular  s ince  the enrichment e f fe c t  i s  en­

hanced, but needs weak adsorbents,  such as porous polymers, from which 

Tenax GC has found widespread ap p l i c a t io n .  Thermal desorpt ion  from an ad­

so rp t ion  tube, however, i s  not f a s t  enough to be used d i r e c t l y  f o r  sample 

in t roduc t ion  in to  a c a p i l l a r y  column, and aga in  an a d d i t io n a l  focu s ing  

zone i s  necessary  from which a rap id  second stage desorpt ion  i s  s ta r ted .

One o f  the useful  p rope r t ie s  o f  porous polymers as adsorbents  i s  the low 

retent ion  of water, which has a re ten t ion  index of  on ly  about 300 on such 

m ater ia l s  and i t  i s ,  the re fo re ,  p o s s ib le  to remove most o f  the water by 

ad ju s t in g  the temperature o f  the adso rpt ion  tube such that  water breaks 

through, wh i le  the v o l a t i l e s  of  i n t e r e s t  are re ta ined.  In  t h i s  case, the 

second focu s ing  zone can be a cold t rap,  e .g.  by c o o l in g  the f i r s t  part  of  

a c a p i l l a r y  column accord ing  to the procedure as descr ibed  by Kuck (3) or 

by u s ing  again a second trap  f i l l e d  with porous polymers. For  t h i s  purpose 

the trap  can be designed much sm a l le r ,  s in c e  the bulk o f  the s t r i p p i n g  gas 

has been removed a l ready  by the f i r s t  ad so rpt ion  tube. Var ious  combinat ions 

are thus p o s s i b l e .  I f  the c a p i l l a r y  column i s  used as a trap by c oo l in g
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e i t h e r  i t s  f i r s t  p a r t  o r  the whole column, the c o o l i n g  temperature shou ld  

be at  l e a s t  -80°C i f  h igh  v o l a t i l e  compounds have to  be trapped e f f i c i e n t ­

l y  ( 1 0 ) .  I f  f o r  the second f o c u s i n g  zone a d so rp t io n  on porous polymers i s  

used, i t  may be combined w ith  a d d i t i o n a l  c o o l i n g ,  which in  t h i s  case  needs 

to be l e s s  r i g o r o u s .

A t y p i c a l  in s t rum enta l  se t -u p  i n c l u d i n g  the nece s sa ry  f low  pa t te rn  i s  

shown in  F i g .  7. A d e t a i l e d  d e s c r i p t i o n  i s  g iven  e lsewhere  (11,  12).

F i g .  7. The d e so rp t io n  p roce s s  w ith  an automatic  thermal d e so rp t io n  
system P e rk in -E lm e r  ATD-50.

The ATD-50 system can be at tached  to any gas chromatograph and c o n ta in s  

a h o r i z o n t a l  c i r c u l a r  t a b le  w i th  a c a p a c i t y  o f  50 a d so rp t io n  tubes.  A 

charged tube i s  a u t o m a t i c a l l y  t r a n s f e r r e d  in to  the d e so rp t io n  oven, con­

nected in to  the f low  system, purged, p r e s s u r i z e d  and leak  te s ted .  I t  i s  

then heated to the d e so rp t io n  temperature  and the desorbed compounds are 

swept onto  an e l e c t r i c a l l y  coo led  t r a p ,  from which second s tage  d e so rp t io n  

i s  induced by ohmic hea t in g  w ith  a hea t ing  ra te  o f  1000°C/min to  a con­

t r o l l e d  temperature to a l lo w  a narrow band o f  desorbed sample to be swept 

onto the c a p i l l a r y  column. The ATD-50, however, does not i n c lud e  the 

s t r i p p i n g  dev ice ,  because t h i s  in s t rum ent  i s  m a in ly  used f o r  persona l  a i r  

m o n i to r in g ,  where the tubes are  p r e f e r a b l y  charged by d i f f u s e  sam pl ing ,  

a l though  pumping i s  p o s s i b l e  as w e l l .  The chromatogram in  F i g .  8 shows 

such an a p p l i c a t i o n  f o r  d i f f u s i v e  sam pl ing  o f  a perfume headspace, by
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ho ld ing  a Tenax GC packed ATD-50 tube over a b o t t le  o f  perfume f o r  15 min.

F ig .  8. A n a l y s i s  of  perfume headspace by ad so rpt ion  on Tenax GC. Pe rk in -  
Elmer ATD-50; column, fused s i l i c a  c a p i l l a r y  coated with Perma- 
phase DMS (dimethyl s i l i c o n ) ;  temperature program, 50-200°C 
(4°C/min); sampling: 15 min pa ss ive  sampling with Tenax GC packed 
ATD-50 tube over a perfume bo t t le .

QUANTITATIVE ASPECTS OF DYNAMIC HEADSPACE GC

D-HSGC has been used so f a r  f o r  q u a l i t a t i v e  purposes,  mainly  as an 

enrichment technique to get s u f f i c i e n t  amounts o f  compounds fo r  fu r th e r  

i d e n t i f i c a t i o n ,  p re fe rab ly  by GC-MS. L i t t l e  a t ten t ion  has been paid to
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q u a n t i t a t i v e  a p p l i c a t i o n s ,  but w ith  i n c r e a s i n g  a p p l i c a t i o n s  o f  HSGC f o r  

p re c i s e  q u a n t i t a t i v e  p u rp o se s , these  a spec t s  might become more i n t e r e s t i n g  

in  the fu tu re .

The general  problems o f  s t r i p p i n g / a d s o r p t i o n  i s  breakthrough  o f  the 

h i g h l y  v o l a t i l e s  and complete s t r i p p i n g  o f  the low v o l a t i l i t y  compounds 

from the sample on the o the r  s i d e ,  p a r t i c u l a r l y  i f  samples with a wide 

range o f  v o l a t i l i t i e s  have to be i n v e s t i g a t e d .  Q u a n t i t a t i v e  de term inat ion  

by D-HSGC needs the f o l l o w in g  c o n d i t i o n s  to be f u l l f i l l e d :

- the s t r i p p i n g  y i e l d  o f  a l l  the v o l a t i l e s  must be complete;

- the ad so rp t ion  o f  a l l  the v o l a t i l e s  must be complete, w i thou t  b reak ­

through o f  the h i g h l y  v o l a t i l e  compounds.

Only  i f  these requirements  are f u l l f i l l e d ,  i t  i s  p o s s i b l e  to determine 

the concen t ra t ion  o f  each compound by standard  GC methods. I f  the s t r i p ­

p ing  y i e l d  i s  not complete, the degree o f  e x t r a c t i o n  must be inc luded  in 

the q u a n t i t a t i v e  c a l c u l a t i o n  and t h i s  requirement can ha rd ly  be r e a l i z e d ,  

s i n c e  aga in  the i n f l u e n c e  o f  the sample m atr ix  and small  v a r i a t i o n s  in  the 

matr ix  compos i t ion  are  in vo lved ,  as a l r ea d y  d i s c u s s e d  above f o r  E-HSGC.

T h i s  genera l  problem o f  the dynamic headspace procedure shou ld  be d i s c u s se d  

s h o r t l y  u s in g  as examples a few t y p i c a l  compounds o f  d i f f e r e n t  p o l a r i t y  

and hence w id e ly  d i f f e r i n g  p a r t i t i o n  c o e f f i c i e n t s  in  aqueous s o l u t i o n ,  

see Table I .

Table I .  P a r t i t i o n  c o e f f i c i e n t  K in  aqueous s o l u t i o n  a t o70°C and re te n ­
t i o n  volume RV in  l i t e r s  per g Tenax GC at 20UC

Compound B o i l i n g  po in t  in  °C K at  70°C RV in  l i t e r s  at 20°C

Ethanol 78 300 2
Methyl  e thy l  ketone 80 40 33
Di chioromethane 40 2.3 2
T e t ra ch lo roe th y le n e 121 0.2 485

I f  the compounds such as l i s t e d  in  Table I have to be s t r i p p e d  o f f  com­

p l e t e l y  from an aqueous s o l u t i o n  and adsorbed in  a Tenax GC t r a p ,  i t  i s  

obv iou s  from the f i g u r e s  i n  the Table tha t  a l a r ge  volume o f  s t r i p p i n g  gas 

i s  nece ssa ry  to e x t r a c t  an a lcoho l  from an aqueous s o l u t i o n ,  wh i le  on the 

o the r  hand a long a d so rp t io n  tube has to be used to prevent breakthrough  

due to the small  r e te n t io n  on Tenax GC. Non p o la r  compounds such as the 

ha logenated hydrocarbons  are much e a s i e r  to handle,  s in ce  a h igh  v o l a t i l ­

i t y  from aqueous s o l u t i o n  i s  combined w ith  a s t ro ng  re te n t io n  on the ad ­

so rbent  .
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I t  i s  there fore  not on ly  the v o l a t i l i t y  o f  a compound - as expressed by 

i t s  b o i l i n g  po int  - which de sc r ibe s  i t s  behaviour in  dynamic headspace 

sampling, but a l so  the matr ix  o f  the sample - as expressed by the p a r t i t i o n  

c o e f f i c i e n t  and the re ten t ion  p rope rt ie s  on the adsorbent. A l l e  these f a c ­

to r s  have to be taken in to  account i f  the c ond i t io n s  o f  such a dynamic 

headspace procedure have to be e s tab l i s h ed .  A high re ten t ion  in the sample 

matr ix does not n e c e s s a r i l y  imply a s i m i l a r  re tent ion  on the adsorbent,  

and both e f f e c t s  may in f luence  the v o l a t i l i t y  o f  a compound by severa l  

orders  o f  magnitude. A l l  combinat ions are p o s s ib le  and found in p rac t ice .

I f  v o l a t i l e  compounds with a wide range o f  v o l a t i l i t i e s  and p o l a r i t i e s  have 

to be analyzed by dynamic headspace techniques in  a f l a v o u r  a n a l y s i s ,  a 

q u an t i t a t i v e  t r a n s f e r  o f  the headspace sample can hard ly  be rea l i z e d .  In 

t h i s  s i t u a t i o n ,  however, i t  should  be p o s s i b l e  to apply  the p r i n c i p l e  of  

the MHE procedure to the dynamic headspace techniques a l so ,  because there 

i s  no reason why i t  should  be r e s t r i c t e d  to E-HSGC. In  both cases an i n ­

complete gas e x t ra c t ion  i s  c o n t ro l le d  by severa l  repeated ana ly se s ,  and 

the q u a n t i t a t i v e  r e s u l t  der ived  by mathematical c a l c u l a t i o n .  In  f a c t ,  the 

a n a ly s t  i s  i n te re s ted  in the in formation,  ra ther  than in  the to ta l  phys ica l  

amount o f  a substance, cont ra ry  to a preparat ive working chemist,  and a 

q u a n t i t a t i v e  e x t rac t ion  y i e l d  i s  not important i f  the f i n a l  r e s u l t  can be 

obtained by c a l c u l a t i o n  based on an incomplete e x t rac t ion .

In  p ra c t i ce  the MHE procedure needs at l e a s t  two repeated ana ly se s  to 

be c a r r ie d  out o f  the sample, and from the d i f fe rence  in  the peak s i z e s  

of each compound the o r i g i n a l  amount in  the sample can be determined by 

e x t rap o la t ion ,  as d i scu s sed  above.

CONCLUSIONS

Both e q u i l ib r iu m  (E-HSGC) and dynamic (D-HSGC) headspace sampling tech ­

niques are compared. E-HSGC i s  e a s i e r  to use fo r  q u a n t i t a t i v e  determina­

t i o n s ,  and the a v a i l a b le  methods are d i s cu s sed  in d e t a i l .  D-HSGC i s  on the 

other  hand more s e n s i t i v e ,  s ince  i t  inc ludes  a remarkable enrichment o f  

the v o l a t i l e  sample c on s t i t u e n t s ,  wh i le  i t s  q u a n t i t a t i v e  ap p l i c a t ion  i s  

more d i f f i c u l t .  For a wide range o f  v o l a t i l i t i e s  the s t r i p p i n g  y i e l d  i s  

ha rd ly  q u a n t i t a t i v e  f o r  a l l  compounds w ithout breakthrough o f  the h ig h l y  

v o l a t i l e s .  As a p o s s i b l e  s o lu t i o n  to t h i s  dilemma the a p p l i c a t io n  o f  the 

m u lt ip le  headspace e x t ra c t ion  procedure (MHE) to the va r iou s  dynamic head- 

space techniques i s  suggested. Such an approach, however, needs severa l  

repeated determinat ions  from each sample to be ca r r ied  out, and the time
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expend itu re  immediately c a l l s  f o r  automation. However, i t  i s  nowadays gen­

e r a l l y  accepted tha t  good q u a n t i t a t i v e  r e s u l t s  in chromatography in  f a c t  

need automated equipment.
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QUANTITATIVE HEADSPACE GAS CHROMATOGRAPHY IN THE ANALYSIS OF VOLATILE O ILS  
AND AROMATIC PLANTS

R. HILTUNEN, H. VUORELA, I .  LAAKSO

ABSTRACT

The peak area of  components analyzed by headspace gas chromatography 
(HSGC) i s  determined by a number o f  parameters,  such as e q u i1i b r a t i o n  
per iod  and temperature, the vapour p re s su re  o f  the components, e tc .  In 
o rde r  to op t im ize  q u a n t i t a t i v e  HSGC de te rm ina t ion s ,  these  parameters must 
be taken i n t o  account.  In the p resent  s tudy  the e f f e c t s  o f  these parameters 
as well  as the e f f e c t s  o f  v a r y in g  c a l i b r a t i o n  methods were i n v e s t i g a t e d .

V a r iou s  herbs and the v o l a t i l e  o i l s  i s o l a t e d  from them by h y d r o d i s t i l ­
l a t i o n  were used f o r  the i n v e s t i g a t i o n .  A na ly se s  were c a r r i e d  out  on a gas 
chromatograph DANI HR 3800 equipped w ith  g l a s s  c a p i l l a r y  columns and con­
nected with a headspace sampler DANI HSS 3850. Comparison o f  e q u i l i b r a t i o n  
pe r iod s  (0 .5 ,  2, 5, 10, 20 and 45 min) and temperatures (60, 90,  120 and 
150°C) i n d i c a te d  th a t  an e q u i l i b r a t i o n  pe r iod  o f  15-20 min y ie l d e d  optimum 
r e s u l t s  f o r  l i q u i d  v o l a t i l e  o i l  samples a t  the temperatures used. S o l i d  
samples such as herbs ,  however, requ i red  a lo n ge r  e q u i l i b r a t i o n  pe r iod.
The r e p r o d u c i b i 1i t y  o f  the HSGC a n a ly se s  was comparable or be t te r  than 
tha t  o f  c l a s s i c a l  GC a n a ly se s .

Percentage n o rm a l i s a t i o n ,  c a l i b r a t i o n  w ith  i n t e r n a l  o r  ex te rna l  s t a n ­
da rd s ,  s tandard  a d d i t i o n ,  and the m u l t i p l e  headspace e x t r a c t i o n  (MHE) tech­
nique were used in  the q u a n t i t a t i v e  de te rm ina t ion s .  A l l  c a l i b r a t i o n s  gave 
the same r e s u l t s  w i t h i n  the acceptab le  a n a l y s i s  e r r o r s .  The most r e l i a b l e  
methods proved to  be the s tandard  a d d i t i o n  to the m atr ix  and the MHE 
methods.

INTRODUCTION

Gas chromatograph ic  (GC) methods in  which the v o l a t i l e  components in  the 

gas space around l i q u i d  or  s o l i d  samples are determined i n d i r e c t l y ,  have 

been used s i n c e  the e a r l y  days o f  GC. In the 1 9 6 0 ' s  such methods were known 

under the genera l  name o f  ' vapou r  phase e q u i l i b r i u m 1, and l a t e r  on as 'head- 

space a n a l y s i s  method1 and 'headspace GC method '.  In  s i m p l i f i e d  form, the 

methods i n v o l v e  ana ly se s  in  which the components o f  the sample are a l lowed 

to reach a s t a t e  o f  e q u i l i b r i u m  — determined by t h e i r  s p e c i f i c  e q u i l i b r iu m  

co n s tan t s  — between the gas and s o l i d  o r  l i q u i d  phase. A sample from the 

e q u i l i b r a t e d  gas phase i s  t r a n s f e r r e d  e i t h e r  manual ly  or a u to m a t i c a l l y  to 

the gas chromatograph f o r  a n a l y s i s .  The gas sample i s  e i t h e r  in t roduced  

d i r e c t l y  i n t o  the GC column, or  concentrated  u s in g  l i q u i d  or  s o l i d s  t rap s

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, ISB N -1 3 : 978-94-009-5137-2 
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and then t r an s fe r re d  i n to  the GC column by means of  thermal de sorpt ion  or 

l i q u i d  e x t rac t ion .

Headspace gas chromatography (HSGC) and i t s  d i f f e r e n t  methodological  

a p p l i c a t io n s  have recen t ly  been d i scu ssed  in  de ta i l  in  a p u b l i c a t io n  cove r ­

ing  both the theo re t ica l  p r i n c i p l e s  and p rac t i c a l  procedures (1).  During 

the past  20 y ea r s ,  HSGC methods have been w ide ly  app l ied  in  the f i e l d s  of 

environmental  a n a l y s i s ,  c l i n i c a l  research,  i n d u s t r i a l  p roce s s ing  and q u a l ­

i t y  cont ro l  as well as in  m ic ro b io lo g i c a l  and food chemistry  s tu d ie s .  In a 

tremendous number o f  p u b l i c a t io n s  i t  i s  claimed that  HSGC i s  a rap id ,  simple, 

p re c i se ,  s e n s i t i v e ,  rep roduc ib le  and even n on -de s t ruc t ive  technique, which 

can e a s i l y  be used f o r  both q u a l i t a t i v e  and q u a n t i t a t i v e  determinat ion  of  

v o l a t i l e  compounds present in  l i q u i d  or  s o l i d  m a te r ia l s .  A la rge  number of  

s tu d ie s  cover the use o f  HSGC in  q u a n t i t a t i v e  determ inat ions .  The p u b l i c a ­

t i o n s  d i s c u s s  d i f f e r e n t  sample hand l ing  techniques,  c a l i b r a t i o n  methods, 

matr ix  e f f e c t s  and the e f fe c t s  of  e q u i l i b r a t i o n  period and temperature on 

the e q u i l ib r iu m  s ta te  and on the sample i t s e l f  (2 -16 ) .

Despite  the fac t  that  HSGC has been w ide ly  used in  q u a l i t a t i v e  and quan­

t i t a t i v e  s t u d ie s  on a wide range of o rgan ic  compounds, there are on ly  a 

few repo rt s  a v a i l a b le  concern ing the use of  HSGC in the a n a l y s i s  o f  v o l ­

a t i l e  o i l s  and aromat ic p lan t s .  HSGC has been used in  a number o f  s tu d ie s  

f o r  the q u a l i t y  cont ro l  o f  aromatic  herbs (17 -20 ) ,  mainly  in  1f i n g e r p r i n t 1 

ana ly se s .  The dynamic HSGC technique has been app l ied  in  the q u a n t i t a t i v e  

determinat ion  o f  some monoterpene hydrocarbons — MTHC — (21) and a l s o  in  

c a l c u l a t i n g  the r e l a t i v e  p ropo r t ion s  of  these hydrocarbons (20, 22). One 

study has been performed on HSGC in  the q u a l i t y  contro l  o f  f l a v o u r s  in  soft 

d r in k s  (23).  The q u a n t i t a t i v e  m u lt ip le  headspace e x t ra c t io n  (MHE) method, 

descr ibed by Kolb (5) and Kolb et a l .  (3, 9 ) ,  has been used in s tu d ie s  on 

v o l a t i l e  o i l s  and aromat ic compounds (17, 23). Accord ing to the l i t e r a t u re ,  

MHE i s  s u i t a b l e  at  l e a s t  f o r  the most v o l a t i l e  compounds (3, 9, 23).

The aim o f  the present  study was to optimize the HSGC technique in  order 

to obta in  p rec i se  q u a n t i t a t i v e  r e s u l t s  f o r  v o l a t i l e  o i l s  and e s p e c i a l l y  

f o r  MTHC, oxygenated monoterpenes and se squ i te rpenes  in  l i q u i d  and s o l i d  

samples. Spec ia l  a t ten t ion  was paid to e q u i l i b r a t i o n  parameters such as 

time and temperature, and a l s o  to other  parameters which a f f e c t  the propor­

t ion  of  the components in the gas phase. In a d d i t i o n ,  a number of  d i f fe re n t  

c a l i b r a t i o n  techniques were tested  in  ana ly se s  i n v o l v i n g  both l i q u i d  and 

s o l i d  matr ices.
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EXPERIMENTAL

In s t rum enta t ion

The headspace gas chromatograph ic  (HSGC) a n a ly se s  were c a r r i e d  out on a 

gas chromatograph DANI HR 3800 equipped w ith  a headspace sampler DANI HSS 

3850. Columns: g l a s s  (20 m x 0.35 mm i . d . )  coated w ith  OV-1 and Carbowax 

20M r e s p e c t i v e l y ; oven temperature programmed, 55-200°C (5°C/m in ) ,o r  i s o ­

thermal,  70°C ( f o r  MTHC) and 170°C ( f o r  o ther  compounds); i n j e c t i o n  po rt ,

250°C; de tec to r ,  F ID ,  250°C; c a r r i e r  ga s ,  N i t r o gen ,  0 .75  kp/cm^; a u x i l i a r y
2

gas,  N i t ro gen ,  0.70  kp/cm ; s p l i t  r a t i o ,  1:20.

The sample v i a l s  (20 ml) were t i g h t l y  sea led  w ith  a rubber  septum 

covered with t e f l o n .  N i t rogen  was used as the p r e s s u r i s a t i o n  gas (2 .8  ba r ) .  

The volume o f  the sample loop was 250 y l . The b a c k f l u s h in g  ra te  f o r  the 

sample loop ,  sample probe and the sample t r a n s f e r  tube was 30 ml/min, and 

the b a c k f l u s h in g  de lay  was s e t  a t  9 s.

E q u i l i b r a t i o n  pe r iod s  o f  0 . 5 ,  2, 5, 10, 20 and 45 min were used. The 

m u l t i p l e  headspace e x t r a c t i o n  (MHE) a n a ly se s  o f  thyme herb,  chamomile 

f lowerheads and the v o l a t i l e  o i l  o f  chamomile were c a r r i e d  out u s in g  an 

e q u i l i b r a t i o n  pe r iod  o f  45 min p r i o r  to  the f i r s t  e x t r a c t i o n  step.  In the 

case  o f  chamomile the i n j e c t i o n s  in  the subsequent e x t r a c t i o n  s tep s  were 

c a r r i e d  out a t  20 min i n t e r v a l s ,  and in  the case  o f  thyme at  35 min i n t e r ­

v a l s .  P re s su re  e q u i l i b r a t i o n  was mainta ined  a u to m a t i c a l l y  in  the sample 

v i a l s  d u r in g  i n j e c t i o n .  O i l  bath temperatures o f  60,  90, 120 and 150°C 

were te sted .  The t r a n s f e r  tube was kept at  150°C.

M a te r ia l

L iq u id  sam p le s :

- an a r t i f i c i a l  m ixture  o f  monoterpene hydrocarbons  (MTHC) o f  the f o l l o w in g  

p ro p o r t i o n s  (by w e igh t ) :  a -p inene  ( p u r i t y ,  v e r i f i e d  by GC, 96.2%)  20.5%,

3 -p inene  ( p u r i t y  83.8%)  19.3%, 3 -ca rene  ( p u r i t y  90.0%) 12.4%, l imonene 

( p u r i t y  97.0%) 27.6%, 3 - p h e l 1andrene ( p u r i t y  52.2%) 18.8% and te rp in o len e  

(as an im pu r i t y )  3.4%;  the m ixture  was d i l u t e d  1:20 w ith  n-hexane; 2 yl 

doses were p laced in  the v i a l s ;

- a - b i s a b o l o l  1:20 in  n-hexane, 2 yl per v i a l ;

- thymol 1:20 in  n-hexane, 2 y l  per v i a l ;

- h y d r o d i s t i 1 led v o l a t i l e  o i l  o f  chamomile f lowerheads  { M a t r i c a r i a  r e c u t i t a )  

1:20 in  n-hexane, 2 y l  per v i a l ;

- h y d r o d i s t i 1 led v o l a t i l e  o i l  o f  thyme herb (Thymus v u l g a r i s ) ,  0 .2 -1  yl
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per v i a l ;

- a commercial chamomile p reparat ion ,  10 ul per v i a l .

S o l i d  samples:

- powdered chamomile f lowerheads, 10 mg per v i a l ;

- powdered thyme herb, 20 mg per v i a l ;

- powdered Thymus s e r p y i iu m  herb, 30 mg per v i a l ;

“ s l i c e d  shoots Of L a r i x  sp p . (L . s l b i r i c a ,  L .  d e c id u a ,  L .  l e p t o l e p i s , L .  

l e p t o l e p i s  X  s i b i r i c a  and L .  d e c id u a  X  l e p t o l e p i s ) 100 mg per v i a l ;

- chopped flowerheads o f  Tanacetum v u ig a r e  (camphor, thujone, sabinene and 

umbellulone chemotypes), 30 mg per v i a l ;

- chopped needles of  P in u s  s y l v e s t r i s  (h igh 3-carene and low 3-carene chemo­

types)  100 mg per v i a l .

Water (2 y l )  was added to a l l  sample v i a l s .  The amount of n-hexane was 

kept constant  at  2 yl per v i a l .

RESULTS AND DISCUSSION

In c on t ra s t  to c l a s s i c a l  GC, the area of  the peaks produced in  HSGC i s  

dependent on a number o f  d i f f e r e n t  f a c t o r s .  These inc lude  e q u i l i b r a t i o n  

temperature and per iod,  sample s i z e ,  and volume of the v i a l .  However, the 

most important f a c to r  i s  the p a r t i a l  p ressu re  o f  the compound being ana­

lyzed. In ad d i t io n ,  the matr ix  o f  the sample a l s o  exe r t s  an e f f e c t  on the 

components being s tud ied ,  and hence on the area o f  t h e i r  peaks.

E f fec t  of  e q u i l i b r a t i o n  temperature

In genera l ,  i n c re a s in g  the temperature, whi le  keeping the other  para­

meters constant,  causes an inc rease  in  the peak area of the i n d i v i d u a l  com­

pounds. However, the dependence on temperature i s  not l i n e a r .  Ne ither  i s  

the trend the same f o r  d i f f e r e n t  compounds. Furthermore, the d i f f u s i o n  of 

the MTHC from the d i f f e r e n t  matr ices  in to  the gas phase i s  a l s o  va r iab le .

I t  can be seen from F ig .  1 that  the proport ion  o f  MTHC does not inc rease  

to a s i g n i f i c a n t  degree over the temperature range tested  (60-150°C),  i f  

the sample i s  in  l i q u i d  form, i . e .  an o i l .  However, i f  the sample i s  p lan t  

mater ia l,  the proport ion  o f  MTHC changes d r a s t i c a l l y  over  the temperature 

range in quest ion .  Thymol i s  an except ion: i t  behaves in a s im i l a r  fa sh ion  

in  both s o l i d  and l i q u i d  matr ices.  The behaviour o f  a - b i s a b o l o l  in  the gas 

phase a l s o  d i f f e r s  from the above. The inc rease  in  the p ropo r t ion  o f  a-  

b i s abo lo l  i s  l a r g e s t  over  the temperature range 60-90°C. In c rea s in g  the
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F ig .  1. The e f f e c t  o f  bath temperature on the peak areas  o f  some t e rp e n e s : 
1. thymol; 2. m ixture  of  MTHC; 3. a - b i s a b o l o l ;  4. a - b i s a b o l o l  in  
chamomile f low erheads;  5. MTHC in  thyme herb; 6. thymol in  thyme 
herb. A b s c i s s a :  bath temperature (°C);  o rd in a te :  peak area x 104 .

temperature f u r t h e r  has l i t t l e  e f f e c t  on the p rop o r t ion  o f  a - b i s a b o l o l .

I t  can a l s o  be seen from F ig .  1 tha t  the in c rea se  o f  a - b i s a b o l o l  i s  

rap id  over  a narrow temperature range, i n c r e a s i n g  t h r e e - f o l d  when the tem­

perature  i s  in c rea sed  from 60°C to 65°C. For  t h i s  reason,  and s in ce  the 

temperature dependence o f  d i f f e r e n t  compounds v a r i e s ,  i t  i s  o f  prime im­

portance tha t  the bath temperature i s  kept as con s tan t  as p o s s i b l e .

E f f e c t  o f  e q u i l i b r a t i o n  per iod

When the m atr ice s  are unknown, i t  i s  important to opt im ize  the e q u i ­

l i b r a t i o n  pe r iod.  As the rate  o f  e q u i l i b r a t i o n  o f  the d i f f e r e n t  components 

between gas and l i q u i d  phase i s  d i f f e r e n t ,  the com pos i t ion  o f  the gas phase 

i s  c o n s t a n t l y  chang ing.  So, i f  the a n a l y s i s  i s  c a r r i e d  out before  the s ta te  

o f  e q u i l i b r iu m  i s  reached, s p u r io u s  r e s u l t s  w i l l  be obta ined.  On the other
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F ig .  2. The e f fe c t  o f  e q u i l i b r a t i o n  per iod  on the to ta l  peak area o f  the 
MTHC mixture in  HSGC ana ly ses  at  v a r iou s  temperatures: a = 60°C; 
b = 90°C; c = 120°C; d = 150°C. A b sc i s s a :  e q u i l i b r a t i o n  per iod;  
o rd inate :  peak area x lO4 .

F ig .  3. The e f f e c t  of e q u i l i b r a t i o n  period on the peak area o f  thymol in  
HSGC ana ly se s  at  va r iou s  temperatures: a = 60°C; b = 90°C; c = 
120°C; d = 150°C. A b sc i s s a :  e q u i l i b r a t i o n  pe r iod ;  o rd inate :  peak 
area x lO4 .
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F ig .  4. The e f f e c t  o f  e q u i l i b r a t i o n  pe r iod  on the peak area o f  a - b i s a b o l -  
ol in  HSGC ana ly se s  at  v a r io u s  tem pera tu re s : a = 60°C; b = 90°C; 
c = 120°C; d = 150°C. A b s c i s s a :  e q u i l i b r a t i o n  pe r iod ;  o rd ina te :  
peak area x 104 .

hand, i f  the s t a t e  o f  e q u i l i b r iu m  i s  ma inta ined f o r  a long  pe r iod ,  e s ­

p e c i a l l y  a t  h igh  temperatures,  decompos it ion,  rearrangement and o x id a t io n  

may occur.  Leaks from the sample v i a l  may a l s o  become s i g n i f i c a n t .

When the e q u i l i b r a t i o n  periods f o r  l i q u i d  m a t r ice s ,  i . e .  the mixture o f  

MTHC, thymol and a - b i s a b o l o l ,  were s tud ied  a t  fou r  d i f f e r e n t  tem pera tu re s , 

i t  became apparent th a t  thymol and a - b i s a b o l o l  did not a t t a i n  e q u i l i b r a t io n  

u n t i l  a f t e r  a t  l e a s t  15-20 min ( F i g s .  2 -4 ) .  The MTHC m ixture ,  on the other  

hand, requ i red  on ly  about 5 min. However, the p r e c i s i o n  was i n i t i a l l y  very 

low. The p rop o r t ion  o f  oxygenated compounds i n  the gas phase increased  

th ree -  to f o u r - f o l d  du r ing  the f i r s t  few minutes.  A s l i g h t  decrease in  

concen t ra t ion s  was observed when e q u i l i b r a t i o n  pe r iods  lo nge r  than 20 min 

were used. S o l i d  m atr ice s  such as herbs u s u a l l y  requ i re  longe r  e q u i l i b r a ­

t i o n  pe r iod s  ( F i g .  5).

P r e c i s i o n  o f  the ana ly se s

When the an a ly se s  are c a r r ie d  out u s in g  automatic  HSGC equipment, the 

p r e c i s i o n  i s  e xceed ing ly  h igh .  Under opt imized a n a l y t i c a l  c o n d i t i o n s ,  C.V. 

va lues  lower than 1% are u s u a l l y  reached (9) .  The p r e c i s i o n  f o r  i n d i v i d u a l  

components depends o f  course  on t h e i r  r e l a t i v e  p rop o r t ion s  in  the mater ia l
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F ig .  5. The e f fe c t  o f  e q u i l i b r a t i o n  period on the peak areas of  some
terpenes in  s o l i d  samples,  in  HSGC ana ly ses  at a bath temperature 
o f  150°C: 1. oxygenated monoterpenes in thyme herb; 2. b i s abo lo l  
oxide A in  chamomile f lowerheads;  3. a -b i s a b o lo l  in  chamomile 
f lowerheads;  4. MTHC in  thyme herb; 5. se squ i te rpenes  in  thyme 
herb. A b sc i s s a :  e q u i l i b r a t i o n  pe r iod;  o rd inate :  peak area x lO4 .

and, in  HSGC, a l s o  on the abso lu te  amounts. Some p re c i s i o n  va lues  f o r  

a number o f  components and m ixtures  are presented in  Table I .

Table I. P re c i s i o n  o f  HSGC. N = number of  o b se rva t io n s ;  *  = e q u i l i b r a t i o n  
temperature ; n = 2 samples.

Matr ix Sample N C.V. ( % )

L iqu id MTHC mixture (60°C)* 5 1.0
L iqu id MTHC mixture (90°C)* 5 0.8
L iqu id MTHC mixture (120°C)* 4 0.3
L iqu id MTHC mixture (150°C)* 5 3.2
L iqu id Thymol 4 2.8
L iqu id Farnesene 6 9.0
Li quid a -B i  sabo lo l 3 2.8
L iqu id B i sabo lo l  oxide A D 6 1.4
L iqu id B i s a b o lo l  oxide A D 6 2.6
Sol i d MTHC in larch 6 5.5
Sol id Thymol in  thyme herb 4 3.9
S o l i d Sesquiterpene  hydrocarbons 

in  chamomile f lowerheads 6 12.7
Sol i d B i sabo lo l  oxide A 

in  chamomile f lowerheads0 6 1.7
Sol i d B i sabo lo l  oxide A 

in chamomile f lowerheads0 6 1.5
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P r e c i s i o n  va lue s  (C .V . )  va ry  depending on the amounts o f  the components 

in  HSGC. In  some case s  the amounts were c l o s e  to  the minimum de tec tab le  

le ve l  o f  the F ID  (a few 100 pg).  The amounts o f  some o f  the components in  

the MTHC m ixture  were as h igh  as a few 100 ng. These p r e c i s i o n  va lue s  are 

as good a s ,  o r  even b e t te r  than,  the l e v e l s  o b ta in a b le  by c l a s s i c a l  GC 

u s in g  s y r i n g e - s p l i t / s p l i t l e s s  techn iques .

Q u a n t i t a t i v e  methods f o r  HSGC o f  v o l a t i l e  o i l s

The advantages,  d i s ad van ta ge s  and a p p l i c a t i o n s  o f  q u a n t i t a t i v e  HSGC 

methods have been d i s c u s s e d  i n  d e t a i l  in  a l a r g e  number o f  p u b l i c a t i o n s  

(3, 5, 6,  9 -12 ,  23).  The method most w id e ly  used f o r  q u a n t i t a t i v e  d e te r ­

m ina t ion  o f  v o l a t i l e  o i l s  by GC i s  the s o - c a l l e d  p ro p o r t i o n a l  q u a n t i t y  

method, i . e .  the com pos i t ion  i s  c a l c u l a t e d  in  pe rcentages.  T h i s  techn ique  

i s  based on the assumpt ion  th a t  the d e tec to r  response  f o r  a l l  components 

i s  the same, and th a t  a l l  components are  v a p o r i z a b le  and e lu t a b l e .  How­

ever,  t h i s  technique  does not g i v e  the a b so lu te  amounts o f  the i n d i v i d u a l  

components because the F ID  response  can va ry  by as much as 20-30% in  com­

p a r i s o n  to p a r a f f i n s .

However, the p ro p o r t i o n a l  q u a n t i t y  method u s u a l l y  g i v e s  s u f f i c i e n t  quan­

t i t a t i v e  in fo rm a t io n  f o r  chemotaxonomic s t u d i e s  u s i n g  HSGC, where l a r g e  

sample s e r i e s  are  be ing  screened.  The g r e a t e s t  advantage o f  HSGC in  such 

s t u d i e s  i s  i t s  speed, s i n c e  v o l a t i l e  o i l s  can be ana lyzed  d i r e c t l y  from 

f r e sh  o r  d r ie d  samples w i thou t  p r i o r  d i s t i l l a t i o n  o r  e x t r a c t i o n .  Examples 

o f  the use o f  HSGC in  de te rm in ing  chemotypes (L a r i x , P i n u s , M a t r i c a r i a , 

T a n a ce tu m ) are  p resented  in  the F i g s .  6 -7 .  These f i n g e r p r i n t  chromatograms 

c l e a r l y  demonstrate the s u i t a b i l i t y  o f  HSGC f o r  chemotaxonomic work.

Very o ften  more p r e c i s e  q u a n t i t a t i v e  in fo rm a t io n  i s  needed in  v o l a t i l e  

o i l  a n a l y s i s .  As the vapour  p re s s u re s  o f  the i n d i v i d u a l  components and 

thus  a l s o  the e q u i l i b r i u m  c o n s ta n t s  are d i f f e r e n t ,  the de te rm ina t ion  of  

a b so lu te  amounts on the b a s i s  o f  known e q u i l i b r i u m  co n s tan t s  or  c a l i b r a t i o n  

i s  u s u a l l y  very  t e d io u s .  In  such cases  i t  i s  b e t te r  to use normal q u a n t i ­

t a t i v e  GC techn iques  such as i n t e r n a l  and e x te rna l  s t a n d a rd i z a t i o n  or  the 

s tandard  a d d i t i o n  method. A s p e c ia l  q u a n t i t a t i v e  method, m u l t i p l e  headspace 

e x t r a c t i o n  (MHE), has a l s o  been developed. Th i s  method e l im in a t e s  the ma­

t r i x  e f f e c t s  ( 9 ) ,  but i t  does not compensate f o r  the d i f f e r e n c e s  in  d e tec ­

t o r  response.

The importance o f  the m atr ix  e f f e c t  in  q u a n t i t a t i v e  HSGC a n a ly se s  was
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HSGC: Chemotypes of Pinus syhestris. HSGC: Chemotypes of Matricaria recutita.

F ig .  6. Chromatograms obtained by HSGC showing two chemotypes of P in u s
s y l v e s t r i s  ( l e f t )  and two chemotypes o f  M a t r i c a r i a  r e c u t i t a  ( r igh t ) .

a l so  examined in  the present study. When s tudy ing  the dependence between 

sample s i z e  and the amount of  v o l a t i l e  o i l  o f  thyme herb in  the gas phase, 

the p roport ion  o f  the o i l  was found to decrease from 0.8% to 0.5% (dry 

weight;  range: 0 .77 -0 .48% ;  s . d . :  0.100; C.V.:  14.9%; N = 7) when the sample 

s i z e  of thyme herb was increased from 30 mg to 70 mg (F ig .  8; l e f t ) .  These 

determinat ions  were performed u s ing  an external  standard. The c a l i b r a t i o n  

curve was made on the b a s i s  of  thyme o i l  (F ig .  8; r i g h t ) .  I t  can be seen 

from the f i g u re s  that  c a l i b r a t i o n  performed on the b a s i s  of  thyme o i l  does 

not g ive  the r i g h t  r e s u l t ,  e s p e c i a l l y  when the sample s i z e  i s  var ied.

In order  to e l im ina te  the e f f e c t  o f  the matr ix  on the external  standard, 

we repeated the procedure u s ing  0.04 mg tetradecane as an in te rna l  standard.
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HSGC: Chemotypes of Tanacetum vulgare. HSGC: Chemotypes of Tanacetum vulgare.

sabinene

_lill

thujone
V

1 u J _ i_Jci-J II.__

F ig .  7. Chromatograms obta ined  by HSGC showing f o u r  chemotypes of
Ta na ce tum  v u l g a r e .

A new c a l i b r a t i o n  cu rve  was drawn as a f u n c t io n  o f  the amount o f  thyme o i l  

added, and the r a t i o  between the t o t a l  peak area o f  the v o l a t i l e  o i l  com­

ponents  and th a t  o f  the i n t e r n a l  s tandard  ( F i g .  9 ) .  C a l i b r a t i o n  curve  b 

was formed from curve  a by means o f  the f o l l o w in g  formula:

^ t o t ( a d d e d - )  ^ to t (O )^  ^ ^ I . S . .
t  h ^where i r ep re se n t s  the i a d d i t i o n  to the o i l .

When the d i f f e r e n t  amounts o f  thyme herb ( F i g .  8;  l e f t )  were ana lyzed  

u s in g  t h i s  techn ique ,  the to ta l  amounts o f  o i l  ob ta ined  from c a l i b r a t i o n  

curve  b were 0.84%  ( range :  0 .7 9 - 0 . 9 6 % ;  s . d , :  0 .063 ;  C .V . :  0 .75% ;  N = 7).  

The amount obta ined  by the o f f i c i a l l y  approved procedure  ( h y d r o d i s t i l l a ­

t i o n  and vo lum et r i c  de te rm ina t ion )  was 0.8%.
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30 40 50 60 70

F ig .  8. The v o l a t i l e  o i l  content of thyme herb obtained by HSGC from v a r i ­
ous amounts o f  herb [ l e f t ] :  a. determined u s ing  thyme o i l  as ex­
ternal  s tandard;  b. determined u s ing  the external  standard and the 
in te rna l  standard co r rec t ion .  A b sc i s s a :  amount o f  thyme herb in 
mg; ord inate:  v o l a t i l e  o i l  content in  percentages.
The c a l i b r a t i o n  curve f o r  thyme o i l  [ r i g h t ] .  A b sc i s s a :  amount of 
thyme o i l  in y l ; o rd inate:  peak area x 105 .

0.2 1.0
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Fig. 9 . 
[ l e f t  
page]

C a l i b r a t i o n  cu rve s  f o r  the de te rm ina t ion  o f  the amount o f  v o l ­
a t i l e  o i l  i n  thyme herb: a. u s in g  thyme o i l  added to the m atr ix  
(thyme he rb ) ;  b. curve  i s  formed from curve  a by c a l c u l a t i o n  
u s in g  the formula  g iven  in  the tex t .  A b s c i s s a :  added amount o f  
thyme o i l  in  y l ;  o rd in a te :  peak r a t i o  / Aj ).

The to ta l  amount o f  o i l  in  thyme herb was a l s o  determined u s in g  thymol 

as ex te rna l  s tandard .  In a d d i t i o n ,  c a l i b r a t i o n  cu rves  were made by adding 

known amounts o f  thymol to the herb, and to the herb a f t e r  hav ing  f i r s t  

d i s t i l l e d  o f f  the v o l a t i l e  o i l  ( F i g .  10). I t  can be seen tha t  the s lope  o f  

curve a (0 .50  x 1 0 -6 ) d i f f e r s  c o n s id e ra b l y  from the s l o p e s  o f  the curves  

b and c (0 .98  x 1 0 -6 and 1.14 x 1 0 -6 r e s p e c t i v e l y ) ,  obta ined  by the s t a n ­

dard a d d i t i o n  technique.  T h i s  i s  due to  the e f f e c t  o f  d i f f e r e n t  m a t r ice s .

F ig .  10. C a l i b r a t i o n  cu rve s  f o r  the s i n g l e  run HSGC dete rm inat ion  o f  the 
v o l a t i l e  o i l  amount in  thyme herb: a. thymol as e x te rna l  s t a n ­
dard; b. thymol added to  the m atr ix  (thyme h e rb ) ;  c. thymol added 
to  the m atr ix  a f t e r  f i r s t  hav ing  d i s t i l l e d  o f f  the v o l a t i l e  o i l .  
A b s c i s s a :  added amount of  thymol i n  mg; o rd in a te :  peak area x lO4 .

Acco rd ing  to Kolb et  al . ( 9 ) ,  the m a t r ix  e f f e c t  can be e l im ina ted  by 

u s in g  the MHE method. The above exper iments  and c a l i b r a t i o n  procedures  

were a l s o  c a r r i e d  out u s in g  t h i s  method ( F i g .  11 and Table I I ) .  When the 

s l o p e s  o f  the cu rves  d, e and f  (1 .70  x 1 0 - 7 , 1.64 x 1 0 - 7 and 1.47 x 1 0 -7 

r e s p e c t i v e l y )  are compared, i t  can be seen tha t  the m a t r ix  e f f e c t s  are 

now approx im ate ly  the same. The r e s u l t s  obta ined  by d i f f e r e n t  c a l i b r a t i o n  

methods are thus acceptab le  ( see  a l s o  Table  I I ) .
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F ig .  11. C a l i b r a t i o n  curves f o r  the MHE-HSGC determinat ion  o f  the v o l a t i l e  
o i l  amount in  thyme herb: d. thymol added to the matr ix  (thyme 
herb);  e. thymol as external  s tandard;  f. thymol added to the ma­
t r i x  a f t e r  f i r s t  having d i s t i l l e d  o f f  the v o l a t i l e  o i l .  Ab sc i s sa :  
added amount o f  thymol in  mg; o rd inate:  peak area x 105 .

Table I I .  The tota l  o i l  content ( in  percentages)  in thyme herb and the
amount of  thymol ( in  \xg per 30 mg o f  dr ied  thyme herb) obtained 
by d i f f e r e n t  c a l i b r a t i o n  methods, a - f ,  see F i g s .  10-11; *pure ma­
t r i x  = thyme herb a f t e r  f i r s t  having d i s t i l l e d  o f f  the v o l a t i l e  
oi 1.

C a l i b r a t i o n  method Oil content Thymol amount

S in g le  run HSGC a n a l y s i s

a External standard 0.33 10.0
b Standard ad d i t i  on to matr ix  (thyme herb) 0.64 19.4
c Standard addi t i  on to pure m atr ix * 0.74 22.5

MHE--HSGC a n a l y s i s

d Standard addi t i  on to matr ix  (thyme herb) 0.74 31.8
e External standard 0.74 31.8
f Standard add i t ion to pure m atr ix * 0.68 29.2

A h igher  value i s  obta ined f o r  the amount o f  thymol u s ing  the MHE tech ­

nique because the vapour p ressure  o f  the oxygenated compounds d i f f e r s  con­

s id e ra b ly  from that  of  the MTHC. So, the r e l a t i v e  p roport ion  of  p-cymene in 

s i n g l e  run HSGC was about 28%, whereas that  in MHE-HSGC was on ly  14%. The 

correspond ing  va lues  f o r  thymol were 10% and 14%. Owing to the e f f e c t  of 

the matr ix ,  add i t io n  o f  the standard to the matr ix  (thyme herb) gave 

s l i g h t l y  lower va lues  than add i t ion  to the pure matr ix  in  s i n g l e  run HSGC. 

Th is  a l s o  e xp la in s  the r e s u l t s  obta ined in  the a n a l y s i s  of  the flowerheads 

and of  the v o l a t i l e  o i l  o f  chamomile. a -B i s a b o lo l  was added to both chamo­

mile matr ices (f lowerheads and o i l )  to inc rease  the content from 3% to 40%
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( F i g s .  12 -13 ).  I t  can be seen from the f i g u r e s  th a t  t h i s  r e s u l t e d  in  a 

decrease o f  the ab so lu te  and r e l a t i v e  amounts o f  the d i f f e r e n t  components 

in  the m a te r i a l .  Th i s  was presumably  a l s o  the case when thymol was added 

to the thyme herb. A d d i t i o n  o f  the s tandard  r e su l t e d  in  an apparent de­

crease  i n  the r e l a t i v e  p rop o r t ion  o f  thymol in  the sample. The MHE method 

p a r t l y  compensates f o r  t h i s  source  o f  e r r o r  (Table  I I ) .

F ig . 12. The e f f e c t  o f  the m a t r ix  on the amounts o f  the components in  
chamomile o i l  a f t e r  a d d i t i o n  o f  v a r i o u s  amounts o f  a - b i s a b o l o l  
(a rrow).  A b s c i s s a :  added amount o f  a - b i s a b o l o l  x 1 0 -2 mg.

O 0,32 0,64 1,28 2,56 3,84 5,12
F ig .  13. The e f f e c t  o f  the m a t r ix  on the amounts o f  the components in  

chamomile f lowerheads  a f t e r  a d d i t i o n  o f  v a r i o u s  amounts o f  a-  
b i s a b o l o l  (a rrow).  A b s c i s s a :  added amount of  a - b i s a b o l o l  x 1 0 -2 mg.

The e f f e c t  o f  the m atr ix  on q u a n t i t a t i v e  HSGC a n a ly se s  was a l s o  s tud ied  

u s in g  some commerc ia l ly  a v a i l a b l e  chamomile p rep a ra t ion s .  An a r t i f i c i a l  

m a t r ix ,  e thano l -w ate r  30:70  (w/w) , was sp iked  w ith  known amounts o f  a-  

b i s a b o l o l  and a new c a l i b r a t i o n  curve  was made ( F i g .  14). A c a l i b r a t i o n
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F ig.  14. Determination of  the amount o f  a -b i s a b o lo l  in  a commercia lly a v a i l ­
able chamomile p reparat ion :  a. a - b i s a b o lo l  added to an a r t i f i c i a l  
m atr ix ,  ethanol-water,  N = 3; b. a -b i s a b o lo l  added to a chamomile 
p reparat ion ,  N = 6. A b sc i s s a :  added amount o f  a - b i s a b o lo l  in  mg; 
o rd inate :  peak area x 103 .

curve was a l s o  made by adding known amounts of a - b i s a b o lo l  to one of  the 

chamomile p reparat ions  (F ig .  14). The external  standard gave an a -b i s a b o lo l  

content f o r  the p reparat ion  of 53.3 mg/100 g (range: 51 .7 -56 .7  mg/100 g; 

s . d . :  5.700; C.V.:  10.7%; N = 6).  The standard add i t io n  technique gave

62.5 mg/100 g (range: 58 .8 -67 .4  mg/100 g; s . d . :  3.325; C.V.:  5.3%; N = 6).  

Both methods take the detector  response in to  account.

The standard add i t io n  method takes the e f f e c t  of the matr ix  on the eq u i ­

l ib r iu m  constant  o f  a - b i s a b o lo l  in to  account. On the other  hand, when the 

externa l  standard add i t io n  method i s  used, the a r t i f i c i a l  matr ix  i s  not 

f u l l y  comparable with  that  o f  the chamomile preparat ion  ( s lope  of  curve a: 

5.81 x 10 -7 ; that  o f  curve b: 7.24 x 1 0 -7 ). The external  s t a nd a rd iz a t io n  

and MHE methods gave a value f o r  the a - b i s a b o lo l  content o f  63.0 mg/100 g 

(mean of two determ inat ions ) .

HSGC a n a l y s i s  of  MTHC in  both s o l i d  and l i q u i d  matr ices  i s  exceed ing ly  

s t r a i g h t f o rw a r d , because they have s i m i l a r  vapour p re s su re s  and equ i l ib r iu m  

constan ts ,  as can be seen from the r e s u l t s  obtained by MHE (F ig .  15).
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1.

2 .

6 .

1. l imonene
2. a -p inene
3. (3-pinene
4. 3 -phe l land rene
5. 3-ca rene
6. t e rp in o le n e

F ig .  15. MHE-HSGC a n a l y s i s  o f  some monoterpene h yd ro c a rb on s . A b s c i s s a :  
number o f  e x t r a c t i o n s ;  o rd in a te :  lo g  peak area.

These compounds r a p i d l y  reach a s t a t e  o f  e q u i l i b r iu m  even at  r e l a t i v e l y  

low tem pe ra tu re s . The p r e c i s i o n  o f  the an a ly se s  i s  lower when h igh  e q u i ­

l i b r a t i o n  temperatures are used, due to  the f a c t  t h a t  the p re s su re  in  the 

v i a l s  i n c re a se s  r a p i d l y  and leak s  may ensue (see a l s o  Table I I I ) .

The r e l a t i v e  p r o p o r t i o n s  o f  the d i f f e r e n t  MTHC d id  not d i f f e r  much at 

d i f f e r e n t  bath temperatures (Table I I I ) .  They a l s o  c l o s e l y  resembled the 

r e s u l t s  obta ined  w ith  the c l a s s i c a l  GC s p l i t  technique.  The g r e a t e s t  d i f ­

fe rences  occurred  in  MHE-HSGC an a ly se s  w ith  3-p inene  and t e rp in o le n e ,  

which have d i f f e r e n t  e q u i l i b r i u m  co n s tan t s  (see  F ig .  15).  The e q u i l i b r iu m  

o f  j3-pinene in  the gas phase i s  l a r g e r ,  th a t  o f  te rp in o le n e  sm a l le r .



40

Table I I I .  The percentage composit ion of  the MTHC mixture obta ined at
d i f f e r e n t  bath temperatures and u s ing  s i n g l e  run HSGC and MHE- 
HSGC. The r e s u l t s  of  c l a s s i c a l  GC are g iven as reference.

Compound S in g le  run HSGC MHE-HSGC GC
Bath temperature spl i t

60°C 90°C 120°C 150°C 150°C

a-P i  nene 20.9 21.2 21.4  21.2 20.3 21.1
3-P i  nene 19.7 19.9 20.0 19.4 17.9 20.3
3-Carene 12.0 11.9 12.0 12.1 12.0 12.2
Limonene 28.2 28.4  28.2 28.1 28.9 27.6
3 -P h e l1andrene 15.5 14.9 14.6 15.6 16.0 15.6
Terpinolene 3.8 3.8 3.8 3.8 5.0 3.5

C.V. in  % 1.0 0.8 0.3  3.2 11.5
Number o f  runs 5 5 3 5 5

The r e l a t i v e p ropo r t ion s  o f  some MTHC determined in  thyme o i l  and in

thyme herb by means of GC ( s p l i t  techn ique) ,  and by s i n g l e  run HSGC as

well as by MHE- HSGC re sp e c t i v e l y  are presented in Table IV.

Table IV, The percentage composit ion o f  the MTHC mixture in thyme herb
determined by s i n g l e  run HSGC and MHE-HSGC, and in thyme oi 1
by GC ( s p l i t t e chn iq ue ) .

Compound S in g le  run HSGC MHE-HSGC GC s p l i t

a -P i  nene 3.3 2.8 2.0
Camphene 5.5 4.8 3.5
Sabi nene 2.0 2.5 1.8
Limonene 9.2 10.0 7.0
y -Terp inene 2.7 2.8 3.0
p-Cymene 77.2 77.1 82.7

The r e s u l t s  of  HSGC do not vary  much. On the other  hand, they do d i f f e r  

from those obta ined by GC of the v o l a t i l e  o i l  sample. The la rge  d i f fe rence  

in  the case o f  p-cymene i s  due to the r e l a t i v e  decrease of the other  com­

ponents du r ing  the h y d r o d i s t i 11a t ion  used f o r  i s o l a t i o n  of the o i l .  I t  

may a l s o  be due to the d i s c r im in a t i o n  e f f e c t  of  the s p l i t  method on the 

other  components.
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CONCENTRATION OF ODOROUS HEADSPACE VOLATILES 

R. TER HEIDE

ABSTRACT

H ig h l y  v o l a t i l e  odorous  compounds were s tu d ied  by exam inat ion  o f  the va ­
pour phase above samples by s o - c a l l e d  headspace a n a l y s i s .  The s t a t i c  
method was a p p l i e d  to  s tudy  e q u i l i b r i a  as they occur  i n  a l c o h o l i c  beve r ­
ages.  To o b t a in  de tec tab le  amounts o f  minor components the headspace was 
en r i c he d .  T r a n s f e r  o f  the vapours  w ith  an i n e r t  gas  onto the porous p o l y ­
mers Chromosorb 102 and Tenax GC was found to  be s u i t a b l e  f o r  t h i s  purpose 
Methods to concen t ra te  d i f f e r e n t  amounts o f  headspace vapour are  de sc r ibed  
The v o l a t i l e s  were t h e rm a l l y  desorbed and condensed i n  a g l a s s  c a p i l l a r y  
tube to enable  odour e v a lu a t i o n ,  GC-MS a n a l y s i s ,  IR  and NMR sp e c t ro sco p y .  
I n t e r f e r i n g  amounts o f  water cou ld  be avo ided  by u s in g  a tandem-wise a r ­
rangement o f  t r a p s  t a k in g  advantage o f  the low breakthrough  volume o f  
water.  Ethanol  and monoterpene hydrocarbons  cou ld  be r e t a in e d  on s p e c i f i c  
s t a t i o n a r y  phases.

R e s u l t s  on headspace a n a l y s i s  o f  a l c o h o l i c  beverages,  c l a r y  sage o i l  
and sp i k e  lavende r  o i l  are  reported .

INTRODUCTION

People concerned w ith  the i n v e s t i g a t i o n  o f  complex na tu ra l  odorous prod 

ucts  have lea rned  t h a t  knowledge o f  chemical compounds r e s p o n s ib l e  f o r  the 

odour c h a ra c te r  cannot be ach ieved  by a s i n g l e  treatment o f  the sample. To 

s tu d y  the v o l a t i l e  c o n s t i t u e n t s ,  exam inat ion  o f  the vapour  phase above a 

sample by s o - c a l l e d  headspace techn iques  was found to be ve ry  a t t r a c t i v e .  

L a b o r io u s  i s o l a t i o n  te chn ique s  a p p l i e d  to the sample i t s e l f  a re  avo ided  

and c lean  samples  f o r  a n a l y s i s  can be prepared.  In  t h i s  paper headspace 

techn ique s  a s  they  were developed in  ou r  l a b o r a t o r y  f o r  i d e n t i f i c a t i o n  o f  

odorous  components o f  na tu ra l  p roducts  are d i s c u s s e d .  The methods were 

a p p l i e d  in  the a n a l y s i s  o f  a l c o h o l i c  beverages  and e s s e n t i a l  o i l s .

DIRECT HEADSPACE ANALYSIS

The c o n c e n t r a t i o n  o f  a compound i n  the vapour  phase i s  r ou gh ly  a f u n c ­

t i o n  o f  i t s  vapour  p re s su re  a t  a g iven  temperature, the c o n c e n t r a t io n  and 

the degree o f  i n t e r a c t i o n  w ith  o the r  sub s tance s  p re sent  in  the sample.

A. Baerheim Svendsen and J.J.C. Scheffer (eds). Essential oils and aromatic plants, I S B N - 13: 978-94-009-5137-2 

©  1985 Martinus N ijhoff/D r W. Junk Publishers, Dordrecht, The Netherlands
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For i n v e s t i g a t i o n  of  the vapour phase two methods can be d i s t i n g u i s h e d ,  

the s t a t i c  and the dynamic headspace method.

The s t a t i c  or  d i r e c t  method i s  the s im p le s t  one. Advantages can be sum­

marized as fo l low s:

- a r e l a t i v e  small sample i s  requ ired;

- sample p reparat ion  i s  very  s imple;

- a r t i f a c t  formation i s  kept to a minimum;

- q u an t i t a t i v e  a n a l y s i s  o f  major components in  the vapour phase i s  r e l a ­

t i v e l y  simple and accurate;

- e q u i l i b r i a  can be s tud ied  such as those between aldehydes and a ce ta l s  

and between a c id s  and t h e i r  ethyl  e s te r s  in  e thano l i c  s o l u t i o n s  as oc ­

cu r r in g  in  a l c o h o l i c  beverages;

- vapour phases o f  d i f f e r e n t  products  can be 1f i n g e r p r i n t e d '  f o r  q u a l i t y  

contro l  purposes;

- automation i s  p o s s ib le .

As a part  o f  our a n a l y t i c a l  work on a l c o h o l i c  beverages we app l ied  the 

s t a t i c  headspace method to study  e q u i l i b r i a  between aldehydes and d i e t h y l -  

a ce ta l s  in  e thano l ic  s o l u t i o n s .  The reac t ion s  invo lved  are g iven  in F ig .  1.

R -C H O  + C 2H5OH R - C I - KN
OH

OC2H5

R -CHC
OH

O C 2H
c 2h 5o h r - c h (o c 2h 5)2 - h 2o

F ig .  1. React ions  in  d ie thy la ce ta l  formation.

The semi-aceta l  cannot be detected in  the vapour phase because i t  i s  

converted immediately to the f u l l  ace ta l .  A known amount o f  aldehyde was 

d i s s o l v e d  in 50 ml o f  an ethano l-water  mixture co rrespond ing  to that  o f  

the a l c o h o l i c  beverage under study. Th is  s o lu t i o n  was brought in to  a v i a l  

of  100 ml covered with an aluminium cap provided with  a p ie rceab le  te f lo n  

l in ed  septum. The v i a l  was placed in  a thermostated bath at  25°C and, at  

equ i l ib r iu m ,  3 ml of the vapour phase was withdrawn with a g a s - t i g h t  s y r ­

inge p re v io u s l y  cleaned and cond it ioned  at the sample temperature. The 

vapour sample was analyzed by gas chromatography.
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A l i n e a r  r e l a t i o n  shou ld  e x i s t  between the c o n ce n t ra t io n  o f  the a ld e ­

hyde and i t s  peak area. At pH 7 no ace ta l  i s  formed. Lowering o f  the pH 

to a va lue  c o r r e s p o n d íng to th a t  o f  the beverage under i n v e s t i g a t i o n  and 

de te rm ina t ion  o f  the a ldehyde co nce n t ra t io n  a t  d i f f e r e n t  time i n t e r v a l s  

g i v e s  an im pre s s ion  o f  the speed o f  ace ta l  fo rm at ion .  A1dehyde-aceta l  

e q u i l i b r a t i o n  can best  be s tu d ied  a t  pH 1, a t  which the ba lance i s  reached 

w i t h in  a few minutes.

Our work on a l c o h o l i c  beverages revea led  th a t  in  wh isky  and cognac o f  

40% (v/v)  a lc oh o l  content,  15% o f  the lower aldehydes i s  converted  to  the 

co r re spond ing  d i e t h y l a c e t a l s .  In  rum, c o n ta in in g  75% (v/v)  o f  ethanol 

t h i s  c o nve r s io n  i s  25%, expre ssed  as moles/1.

The c o n ce n t ra t io n  o f  fo rm ic  a c id  in  a l c o h o l i c  beverages can be d e te r ­

mined i n d i r e c t l y  by s t u d y in g  the e q u i l i b r i u m  between formic  a c id  and ethy l  

formate in  e t h a n o l i c  s o l u t i o n  ( F i g .  2).

H -C O O H  + C 2H 5OH H -C O O C 2H 5 + h 20

F i g .  2. E q u i l i b r iu m  formic  a c id  - e thy l  formate in  e thano l .

D i r e c t  vapour a n a l y s i s  has a l s o  some major d i sadvan tage s :

- i d e n t i f i c a t i o n  by s p e c t r o s c o p ic  methods i s  l im i t e d  to the main compo­

nent in  the vapour phase;

- d e t a i l e d  odour e v a lu a t io n  o f  i n d i v i d u a l  components i s  not p o s s i b l e .  

HEADSPACE ENRICHMENT

The vapour phase o f  a na tu ra l  product may con ta in  many odorous com­

pounds in  r e l a t i v e l y  low c o n c e n t r a t io n s .  For  t h e i r  i d e n t i f i c a t i o n  a t  l e a s t  

GC-MS i s  r eq u i red .  I f  the mass spect ra  do not g i v e  d e c i s i v e  in fo rm at ion  

on the s t r u c t u r e  o f  a compound, enough sample must be a v a i l a b e  te  permit 

s n i f f i n g  o f  the unknowns a t  the o u t l e t  o f  a c a p i l l a r y  GC column to judge 

the o l f a c t i v e  importance, an to permit  t r a p p in g  o f  the compounds o f  i n t e r ­

e s t  f o r  IR  and NMR a n a l y s i s .  Of the v a r io u s  methods used f o r  headspace 

enr ichment,  sweeping o f  the v o l a t i l e s  w ith  an i n e r t  gas onto porous p o l y ­

mer t rap s  was found to be most s u i t a b l e .

Advantages o f  headspace enr ichment are:

- odour e v a l u a t i o n  o f  the concen t ra te  and the i n d i v i d u a l  components i s  

p o s s i b l e ,  as well  as
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- spec t ro scop ic  a n a l y s i s  o f  i n d i v id u a l  compounds;

- dominant vapour compounds such as water and ethanol can be removed by 

s e le c t i v e  ad so rp t ion .

A disadvantage o f  the method i s  that  e q u i l ib r iu m  can be d is tu rbed  when 

la rge  amounts o f  vapour are withdrawn. In  q u a l i t a t i v e  a n a l y s i s  t h i s  i s  

not a se r i o u s  drawback.

The sorbent should meet the f o l low in g  requirements:

- h igh  ad so rp t i ve  capac i t y  f o r  f l a vou r  and f rag rance  v o l a t i l e s  a t  r e l a ­

t i v e l y  high gas f lows;

- low a f f i n i t y  f o r  dominant compounds such as water and ethanol;

- easy  re lease  o f  adsorbed compounds;

- no chemical or c a t a l y t i c  a c t i v i t y ;

- no re lea se  o f  blank im pu r i t ie s ;

- the rma l ly  s tab le ;

- unsh r inkab le .

Chromosorb 102 and Tenax GC reasonab ly  f u l f i l  these requirements.Chro-  

mosorb 102 i s  a s ty rene -d iv in y lbenzene  co-polymer with  a su r face  area of  

300-400 m'Vg. The temperature l im i t  i s  250°C. Before each experiment i t  

was cond it ioned  ove rn igh t  a t  180°C in  a N itrogen  stream of  300 ml/min. 

Recovery o f  high b o i l i n g  compounds with more than 10 carbon atoms may 

g ive  problems.

Tenax GC i s  p o l y - ( 2 , 6-d ipheny l -p -pheny leneox ide)  with a su r face  area 

o f  20-30 m^/g. I t  has a temperature l im i t  o f  375°C and was f r e s h l y  cond i ­

t ioned  ove rn igh t  a t  200-250°C in a N it rogen  stream of  300 ml/min. P a r t i c l e  

s i z e  was 60-80 mesh. Tenax GC i s  p re ferred  when le s s  v o l a t i l e  compounds 

have to be concentrated because h ighe r  deso rp t ion  temperatures can be 

used. Table I shows some breakthrough volumes in  ml/g adsorbent at 25°C.

Table I .  Breakthrough volumes of  some v o l a t i l e s  on Chromosorb 102 and 
Tenax GC in  ml/g at  25°C.

Chromosorb 102 Tenax GC

Water 110 60
Methanol 590 60
Ethanol 2400 300
Isopentanol
Ethanal 540

2300

Ethyl acetate 4500 6000
Ethyl butyrate  
Dimethyl s u l f i d e 5000

250000
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The breakthrough  volumes were measured by i n s t a l l i n g  the a d so rp t ion  

tubes  in  a p rep a ra t i ve  gas chromatograph and the f i r s t  de tec t ion  o f  the 

peak f r o n t  was de f ined  as breakthrough  volume. Both adso rbents  have low 

a f f i n i t y  f o r  water.  D e so rp t ion  volumes at h ig h e r  temperatures used in  the 

d e so rp t io n  s tep s  were measured at  the po in t  where the l a s t  t race  o f  com- 

pound could  be detected.

N i t rogen  s t r i p p i n g  gas was ob ta ined  from evapo ra t ing  l i q u i d  N i t rogen .  

Hel ium used as c a r r i e r  gas in  d e so rp t io n  was taken from a c y l i n d e r  and 

t h i s  gas was d r ied  by passage through an U-shaped tube packed w ith  2 g of  

f r e s h l y  cond i t io n ed  (100°C) g e l a t i n e  powder and held at -196°C.

The apparatus  used in  headspace co nce n t ra t io n  i s  r e l a t i v e l y  s imple  o f  

c o n s t r u c t i o n .  The d imens ions  o f  the sample c o n ta in e r  are not c r i t i c a l .  A 

h igh  su r face  area was created  by b r i n g i n g  the sample in  a c y l i n d r i c a l  

c o n ta in e r  (60 cm x 10 cm) o f  Q u i c k - f i t  g l a s s .  I t  can be used f o r  s t r i p p i n g  

o f  the headspace o f  beverages,  f r u i t s ,  e tc .  C a r r i e r  gas was in t roduced  on 

one s id e  and the sample vapours  were conducted in to  an adsorbent  tube con­

nected at  the o the r  s id e  of the c on ta ine r .  A s imple  round-bottomed f l a s k  

p rov ided  w ith  a gas i n l e t  and a connector  to a t tach  an adsorbent  tube, 

se rved  as c o n t a in e r  i f  p e r c o la t i o n  o f  the sample w ith  t r a n s p o r t  gas was 

requ i red .  The sample c o n t a in e r s  cou ld  be heated w ith  Ca lo rex  hea t ing  

t u b e .

The adsorbent  tubes were o f  g l a s s .  L a rge r  amounts o f  adsorbent  were 

brought in  a s p i r a l i z e d  tube (3 m x 8 mm i . d . ) ,  which could  con ta in  45 g 

o f  Chromosorb 102. Sm a l le r  amounts o f  adso rbent  were f i l l e d  in  s t r a i g h t  

g l a s s  tubes (15 cm). T he i r  d iameter  was adapted to the amount o f  adsorbent  

used. The narrowed ends o f  a l l  g l a s s  tubes were threaded e x t e r n a l l y .  Con­

nec t ion  o f  tubes i s  shown s c h e m a t i c a l l y  in  F i g .  3.

The tubes were separated  by a t h i n  t e f l o n  spacer  to avo id  c r a c k in g ,  

and a po ly im ide  nut ensured a l e a k - f r e e  seal  . Thermal d e so rp t io n  o f  the 

s p i r a l i z e d  g l a s s  tube was performed in  an adapted d ry in g  oven. The 

s t r a i g h t  g l a s s  tubes were p laced in  an aluminium b lock ,  which cou ld  be 

heated w ith  c a r t r i d g e  hea te r s .

The co nce n t ra t io n  o f  d i f f e r e n t  amounts o f  headspace vapours w i l l  now 

be de sc r ibed .  In  F i g .  4 the enr ichment o f  10 1 o f  vapour i s  dep icted.  

F i r s t  10 1 o f  the s t r i p p i n g  gas,  N i t r ogen ,  i s  swept o ve r  the sample with  

a f low o f  100 ml/min and led  onto t r a p  A c o n t a in i n g  45 g o f  Chromosorb 

102, he ld  at  room temperature.
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POLYIMIDE (VESPEL) NUT

F ig .  3. Connection o f  adsorbent tubes.

F ig .  4. Concentrat ion  o f  10 1 o f  headspace vapour. Breakthrough volumes: 
acetaldehyde, 24.3 1/45 g o f  Chromosorb 102 (25°C);  water 4.9 1/ 
45 g o f  Chromosorb 102 (25°C ) . Desorpt ion  volume: acetaldehyde 
1.8 1/45 g o f  Chromosorb 102 (150°C).

Suppose we want to re ta in  acetaldehyde on the adsorbent.  Accord ing to 

i t s  breakthrough volume, pass ing  o f  24.3 1 N it rogen  gas through the t rap  

w i l l  cause no breakthrough o f  t h i s  aldehyde. I t  fo l low s  that the trap can 

be washed in  the second step with  14.3 1 of  pure N i t rogen  to remove ad­

sorbed water. We pre fer red  to wash with 10 1 of  N i t rogen  as a safe volume 

F i n a l l y  the v o l a t i l e s  were desorbed at 150°C by lead ing  2.5 1 o f  pure
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and dry  Hel ium in  reve rse  d i r e c t i o n  through the Chromosorb t rap  A at a f low 

o f  10 ml/min. Th i s  i s  amply s u f f i c i e n t  to e lu te  aceta ldehyde and the o the r  

v o l a t i l e s  complete ly .  The desorbed v o l a t i l e s  are condensed in  a Y-shaped 

g l a s s  c a p i l l a r y  tube of  1 mm i . d .  at  -196°C.

The same arrangement can be used i f  we want to c o l l e c t  90 1 o f  headspace 

vapour ( F i g . 5).

2.5 L He
©

10 ML/MIN ^ CHROM. 45 G/150° '-------i

V
196°

F ig .  5. Concent ra t ion  o f  90 1 o f  headspace vapour. Breakthrough volumes 
and d e so rp t ion  volume: see F i g .  4.

Now the desorbed v o l a t i l e s  were not condensed in  the c a p i l l a r y  tube 

but t r a n s f e r r e d  onto another  t r a p  B, c o n t a in in g  a l s o  45 g o f  Chromosorb 

102. Th i s  t rap ,  held a t  room temperature, can take up 24.3 1 o f  de so rp ­

t i o n  gas before  breakthrough  o f  aceta ldehyde,  so  the d e so rp t io n  s tep  3 

can be repeated n ine times w ith  2.5 1 o f  Helium. In  s tep  4, the t r ap  B 

c o n t a in i n g  90 1 o f  en r iched  vapour was desorbed in  reve rse  d i r e c t i o n  at 

150°C w ith  2.5  1 of Helium and the v o l a t i l e s  were condensed in  a g l a s s  

c a p i l l a r y ,  cooled  in  l i q u i d  N i t rogen .
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I t  was found in p rac t ice  that not always a water - f ree  condensate was ob­

ta ined.  To e l im ina te  re s idua l  water, the method shown in  F i g .  6 was ap­

p l ied .

90 L OF HEADSPACECONC.

1.5 L He ®
20 ML/MIN CHROM. 8 G/25°

- 196°

400 ML He

5 ML/MIN

F ig .  5. Water-free c o l l e c t i o n  o f  90 1 of headspace v o l a t i l e s .  Breakthrough 
volume o f  acetaldehyde (Chromosorb 102): 4.3 1/8 g (25° C). De­
so rp t io n  volumes: 1.8 1/45 g (150°C); 32 ml/8 g (150OC).

Trap A conta in ing  90 1 o f  enr iched headspace v o l a t i l e s ,  obtained as de­

sc r ibed  before, was coupled with a small t rap  con ta in ing  8 g o f  Chromo­

sorb 102. The t rap  A was desorbed at 150°C and the v o l a t i l e s  were t r a n s ­

fe r red  to t rap  B, at room temperature. The breakthrough volume o f  ace t ­

aldehyde i s  4.3  1 at 25°C. To remove re s idua l  water t h i s  tube can be 

washed with 1.5 1 of pure, dry Helium in  the same d i r e c t io n .  Desorpt ion  

at 150°C was performed in  reversed  d i r e c t i o n  with  400 ml o f  Helium as a 

safe volume. The app l ied  low flow o f  5 ml/min guaranteed a h igh  c o l l e c t i o n  

e f f i c i e n c y  in  the g la s s  c a p i l l a r y .

For a l c o h o l i c  beverages we found (1) that  ethanol can occur  as an i n ­

t e r f e r i n g  component in  the condensate, obta ined by the method shown in 

F ig .  6. Ethanol was not removed completely because o f  t a i l i n g  e f fe c t s  in  

the ad so rp t ion  step. In t roduc t ion  o f  a s p i r a l i z e d  g l a s s  tube (2 m x 6 mm 

i . d . )  f i l l e d  with  5 g o f  d i g l y c e ro l  coated on 15 g o f  Embacel (60-80 mesh), 

permitted removal of  r e s idua l  amounts o f  ethanol (F ig .  7).  I t s  removal
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on the top of the d i g l y c e r o l  column as a small plug.
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F ig .  7. E t ha no l - f ree  c o l l e c t i o n  of  headspace v o l a t i l e s .  Breakthrough v o l ­
umes: e thano l,  380 ml/5 g o f  d i g l y c e r o l  (60°C);  acetaldehyde,
920 ml/1.7 g o f  Chromosorb 102 (25°C).  Desorpt ion  volumes: ace t ­
aldehyde, 320 ml/8 g of  Chromosorb 102 (150OC); acetaldehyde,
60 ml/1.7 g o f  Chromosorb 102 (150°C).

Column B con ta in ing  a concentrate o f  90 1 of  headspace v o l a t i l e s  was 

desorbed at  150°C and connected to an iden t ica l  t rap  C, held at room tem­

perature. Ad so rp t ion  takes  place on the top of  t h i s  column C. In  a second 

step  t h i s  t rap  was backf lushed at 60°C with  360 ml of Helium and the v o l ­

a t i l e s  were introduced as a small plug in to  the d i g l y c e r o l  column D at 60°C 

Ethanol breaks through t h i s  column with  380 ml o f  Helium, so i t  was r e ­

ta ined  completely. The v o l a t i l e s  leav ing  the d i g l y c e ro l  column were c o l ­

lected on a small t rap  E, at room temperature, con ta in ing  1.7 g of  Chromo­

sorb 102, from which they were backf lushed with  60 ml of  Helium at 150°C 

in to  the g l a s s  t rap  at -196°C. E s te r s  and ketones with more than e igh t  

carbon atoms are a l s o  re ta ined  on the d i g l y c e r o l  column.

I f  c o l l e c t i o n  o f  s t i l l  l a r g e r  amounts o f  vapour i s  requ ired  to detect 

le s s  v o l a t i l e  compounds, then Tenax GC i s  p re fe rab ly  used as porous polymer 

I t  has h igher  thermal s t a b i l i t y  than Chromosorb 102, enab l ing  e lu t i o n  of
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l e s s  v o l a t i l e  compounds at h igher  desorpt ion  temperatures. F ig .  8 shows 

how we concentrated 1000 1 of  headspace vapour.

_  60 ML He
© ------------------ ►

5 ML/MIN

vy

- 196°C

F ig .  8. Concentrat ion  of 1000 1 o f  headspace vapour. Breakthrough volumes: 
water, 258 ml/4.3 g o f  Tenax GC (25°C); ethyl  butyrate,  1075 1/
4.3 g o f  Tenax GC (25°C); ethyl butyrate,  115 1/0.46 g of  Tenax 
GC (25°C). Desorpt ion  volume: ethyl butyrate,  100 ml/4.3 g of  
Tenax GC (200°C).

Compounds such as water and ethanol do not i n t e r f e re ,  because they are 

e luted completely from the trap. Because equ i l ib r ium  cond i t io n s  cannot be 

maintained under the cond i t io n s  app l ied ,  t h i s  method i s  on ly  s u i t a b le  fo r  

q u a l i t a t i v e  work. The t r an spo r t  gas was swept over the sample with  a flow 

of 1 1/min onto trap A, con ta in ing  4.3  g of Tenax GC. The sample was re ­

freshed at re gu la r  i n t e r v a l s .

Ethyl butyrate,  having a breakthrough volume o f  1075 1 on t rap  A at 

room temperature, remains j u s t  on the adsorbent.  Trap A was desorbed at 200°C 

in  reverse  d i r e c t i o n  with 1 1 of N itrogen  and the v o l a t i l e s  were t r a n s ­

fe r red  onto a sma l le r  trap with 0.46 g o f  Tenax GC. Th i s  trap B was i n t r o ­

duced to improve the y i e l d  of condensation in the c a p i l l a r y .  In  the t h i r d  

step only  60 ml o f  Helium was needed to desorb the enriched v o l a t i l e s  from 

trap  B at 200°C.
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A review o f  the l i t e r a t u r e  revealed that,  s u r p r i s i n g l y , the h i g h l y  v o l ­

a t i l e  components o f  e s se n t i a l  o i l s  have received r e l a t i v e l y  l i t t l e  a t ten ­

t ion .  Th i s  may be due to the fa c t  that  they occur in  low concentra t ions  as 

compared with the other  o i l  c o n s t i t u e n t s .  They e a s i l y  escape a t ten t ion  dur­

ing chromatography o f  the o i l s ,  a technique f requen t ly  app l ied  fo r  separa­

t io n  of the v a r iou s  groups of e s sen t ia l  o i l  c on s t i tuen t s  having d i f f e re n t  

p o la r i t y .

In  1971 we pub l i shed  about the h i g h l y  v o l a t i l e  components o f  geranium 

o i l  (2 ) .  They were i s o l a t e d  by d i s t i l l a t i o n  with  carbon d iox ide  and by 

sp inn ing  band d i s t i l l a t i o n .  Such compounds can a l s o  be stud ied  by headspace 

a n a l y s i s .  In te r fe rence  of  monoterpene hydrocarbons in  enriched headspace 

samples was overcome by s e le c t i v e  ad so rp t ion .  In s p i t e  of  the fac t  that  

t h e o r e t i c a l l y  a -p inene should  be q u a n t i t a t i v e l y  adsorbed on porous polymers, 

due to the la rge  excess,  part  of  the monoterpenes was c a r r ie d  along with  

the s t r i p p i n g  gas. F ig .  9 shows the method developed f o r  concentrat ion  of 

the headspace of  e s se n t i a l  o i l s .

F i r s t  20 1 o f  N itrogen  was passed over or through the o i l  at  a flow of  

100 ml/min. The v o l a t i l e s  were c o l le c te d  on 45 g o f  Chromosorb 102 at  room 

temperature. Acetaldehyde was reta ined.  Secondly  t h i s  column A was back- 

f lu shed  at 150°C with 4 1 of N itrogen  onto a sma l le r  trap B, con ta in ing  8 g 

o f  Chromosorb 102. Th is  column was coupled with a s p i r a l i z e d  column (2 m 

x 8 mm i . d . )  packed with  2.5 g of  p u r i f i e d  Apiezon-L coated on 25 g of 

s i l a n i z e d  Embacel (60-80 mesh). V o l a t i l e s  desorbed from trap B at 150°C 

were t r an s fe r re d  onto t h i s  column C with 360 ml o f  Helium at  a flow o f  

20 ml/min. The column was heated to 120°C. At t h i s  temperature the break­

through volume of a-pinene i s  400 ml, which means that  a l l  monoterpene 

hydrocarbons were re ta ined .  The non-reta ined v o l a t i l e s  were co l lec ted  on

1.5 g Chromosorb 102 ( t rap  D) a t  room temperature From th i s  trap they 

were backf lushed at 150°C in  reverse  d i r e c t io n  and condensed at -196°C. 

In s tead  of Chromosorb 102 a l s o  Tenax GC can be used, provided that  break­

through volumes are  taken into  account.

Q uan t i ta t i ve  a n a l y s i s  was a l ready  d iscu ssed  in connection with d i r e c t  

headspace techniques.  C a l i b r a t i o n  curves of  components o f  which the vapour 

concentrat ion  i s  too low to permit detect ion ,  can be prepared a f t e r  en­

richment o f  the components.

To demonstrate the u se fu lne s s  o f  t h i s  method, we compared the r e l a t i v e  

peak areas of a number o f  e s te r s  measured by d i r e c t  vapour a n a l y s i s  as well 

as by concentrat ion  of 50 1 of the vapour phase.
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F ig .  9. Hydrocarbon-free c o l l e c t i o n  o f  headspace v o l a t i l e s  of  e s s e n t i a l
o i l s .  Breakthrough volumes ( in  ad d i t i o n  to those mentioned in F i g s .
4 and 6):  a-p inene,  400 ml/2.5 g of Apiezon-L (120°C);  acetaldehyde, 
800 ml/1.5 g o f  Chromosorb 102 (25°C). Desorpt ion  volume: ace t ­
aldehyde, 50 ml/1.5 g o f  Chromosorb 102 (150°C)

Table I I  l i s t s  the peak areas r e l a t i v e  to that  of  ethyl  butyrate  ( i n ­

ternal standard) determined at 25°C. A sucrose  s o lu t i o n  as app l ied  in 

lemonade product ion  was chosen as matr ix .  The concentrat ion  o f  each e s te r  

was 2 ppm. In d i r e c t  vapour a n a l y s i s  0.5 ml o f  vapour above 25 ml of  the 

matr ix  was analyzed by GO and the peak areas were determined u s ing  ethyl 

butyrate  as in te rna l  standard.

The vapour phase was a l so  enr iched by lead ing  50 1 of N itrogen at a 

flow of  200 ml/min over 2 1 of the same e s te r  mixture in a c y l i n d r i c a l  

sample conta ine r .  The vapour was c o l le c ted  in  0.9 g o f  Tenax GO and t h i s  

trap was washed with 4 1 of  dry Helium to remove water. In reverse  d i r e c ­

t ion  the e s te r s  were desorbed at 200°C with  60 ml of  Helium at  a f low of 

5 ml/min. They were condensed in a Y-shaped c a p i l l a r y  held in  l i q u i d  N i ­

trogen. The condensate was analyzed by GC and the peak areas were compared



55

with that  o f  ethyl  butyrate.

Table I I .  Comparison of  headspace concentra t ions  o f  some e s te r s  above a
sucrose  s o l u t i o n  as determined by d i r e c t  sampling and by e n r i c h ­
ment on Tenax GC. M at r ix :  sucrose  s o lu t i o n  67°Br ix ,  125 ml; 
c i t r i c  ac id ,  50% s o lu t i o n ,  2.5 ml; water, 872.5 ml; e s te r  con­
cen t ra t ion ,  2 ppm.

D i re c t  sampling, 
25°C

Enrichment o f  50 1 
vapour on Tenax GC, 

25°C

Heptyl acetate 5.5 5.1
Benzyl acetate 0.2 0.15
Benzyl butyrate 0.6 0.6
Ethyl  hepty late 3 4
Methyl decylate 13 12
Ethyl  benzoate 0.5 0.7
Methyl s a l i c y l a t e  
Ethyl  butyrate

0.3 0.4

( i nternal standard) 1 1

I t  could be concluded that  the e q u i l ib r iu m  was not d i s tu rbed  in  the en­

richment procedure and that  reasonable  agreement e x i s ted  between both 

headspace methods. The tab le  shows a l so  the dependence of  the headspace 

concentrat ion  in  r e l a t i o n  to the chemical s t ru c tu re .  Methyl s a l i c y l a t e  and 

methyl decylate,  having the same b o i l i n g  po in t ,  have markedly d i f f e r e n t  

vapour concentra t ion  in  t h i s  matr ix .

APPLICATIONS

The techniques descr ibed  were found to be very  powerful in  i d e n t i f y i n g  

v o l a t i l e s  in  the headspace o f  a l c o h o l i c  beverages (3 ) .  Table I I I  g ive s  a 

survey of  the compounds detected in  the headspaces of  rum, cognac and 

whisky.

Table I I I .  Headspace compounds o f  rum (R),  cognac (C) and whisky  (W).

R C W
ACETALS -----------------------

Diethoxymethane + +
Diethoxyethane + + +
1-Ethoxy-1-propoxyethane +
1- E t h o x y - 1 - (2-methylpropoxy)ethane +
1-E th o x y - 1-(2-methy lbutoxy)ethane +
1-E th o x y -1 - ( 3-methylbutoxy)ethane +
1- E t h o x y - 1-hexoxyethane +
1 ,1 -Diethoxypropane +
1 ,1 -D ie thoxy -2 -m ethy lpropane + -+ +
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Table I I I

ALDEHYDES

ALCOHOLS

ESTERS

(cont i  nued)

R C w

1,1 -D ie thoxy -3 -m ethy lbutane + + +
1,1 -Diethoxyhexane +
1 ,1 -Diethoxynonane +

Ethanal + + +
Propanal + +
1-Butanal +
Isobutanal + + +
1-Pentanal +
2-Methylbutanal + +
3-Methylbutanal + + +
1-Hexanal + +
1-Heptanal + +
1-Nonanal + +
2 -Methy l - 2 -p ropen -1-a 1 +
Benzaldehyde + +
Fu r fu ra l + + +

Methanol +
Ethanol + + +
Propanol + + +
Butanol + +
2-Butanol + +
Isobutanol + +
Pentanol + +
3-Pentanol +
2-Methyl butanol + +
3-Methyl butanol + + +
Hexanol +
2-Phenylethanol + +

Methyl formate +
Ethyl  formate + +
I sobu ty l  formate +
Isopenty l  formate +
Methyl acetate +
Ethyl acetate + + +
Propyl acetate + +
Isobu ty l  acetate +
I sopenty l  acetate +
Hexyl acetate +
Ethyl propionate -L + +
Ethyl  butyrate + + +
Butyl  butyrate +
Isopenty l  butyrate +
Ethyl  i sobu ty ra te + +
Ethyl  penanoate + +
Ethyl  2-methylbutyrate 4- +
Ethyl 3-methyl butyrate + +
Ethyl  hexanoate + + +
Propyl hexanoate +
Isopenty l  hexanoate +
Ethyl  heptanoate f +
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Table I I I  (continued)

Methyl octanoate 
Ethyl  octanoate 
Propyl octanoate 
I s obu ty l  octanoate 
I sopenty l  octanoate 
Ethyl  nonanoate 
Methyl decanoate 
Ethy l  decanoate 
Propyl decanoate 
I s obu ty l  decanoate 
I sopenty l  decanoate 
Ethyl decanoate 
D ie thy l  succ inate  
Ethyl furoate  
Ethyl  lac ta te  
I sopenty l  lac ta te

ETHERS
Ethyl  v in y l  ether 
Propyl v in y l  ether
2 -M e th y l f uran 
2-V i  ny l fu ran  
2 ,5 -D im ethy lfu ran  
Ethyl f u r f u r y l  ether 

HYDROCARBONS
Isoprene
lonene
Limonene
p-Cymene

KETONES
Acetone
Butanone
2 -  Pentanone
3 -  Methyl-2-butanone 
2-Hexanone 
2-Heptanone 
2-Nonanone 
D iace ty l
2 , 3-Pentadedione 
Acetoi  ne 
2 -Ace ty l fu ran
2 -Methy l -3 - te t rahyd ro fu ranone  
Acetophenone 

SULFUR COMPOUNDS
Methyl mercaptane 
Ethyl  mercaptane 
Dimethyl s u l f i d e  
Dimethyl d i s u l f i d e

R C W
+

+ + +
+
+
+
+
+

+ + ~f~
+
+
+
+ + 
+
+
+
+

+ +
+
+
+
+
+

+
+
+
+ +

+ + +
+
+
+
+
+

+
+

+

+

+

+
+
+ +
+ +

The ana ly se s  were performed by GC-MS. Some compounds requ ired  a d d i t i o n ­

al v e r i f i c a t i o n  by IR and NMR sp ec t ro scop y . Of the ace ta l s  diethoxyethane 

i s  q u a n t i t a t i v e l y  prominent in the beverages.  Rum contained 83 ppm, cognac
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30 ppm and whisky 25 ppm o f  t h i s  a ce ta l ,  as could be determined by d i r e c t  

headspace a n a l y s i s .  As comparison, d iethoxy isobutane  occurred in a concen­

t r a t i o n  o f  1-6 ppm in  the beverages.

A l so  the correspond ing  aldehydes,  except formaldehyde, have been found 

in  the headspace. Of these compounds ethanal i s  q u a n t i t a t i v e l y  the most 

important one. Many of the carbony ls  are of value fo r  the t y p i c a l  beverage 

f la vou r .  A lso  the s i x  ethers  detected cont r ibu te  to a c e r ta in  extent to 

the top f la vou r  of the beverages in  which they were found. I t  i s  well 

known that  e s te r s  belong to the important c o n s t i tu en t s  of  a l c o h o l i c  bever ­

ages (4 ) .  The h i g h l y  v o l a t i l e  e s te r s  could better  be detected in  the va ­

pour phase than in  the beverage i t s e l f .  Of these e s te r s  ethyl  acetate 

dominates by fa r .  Second in  concentrat ion  was ethyl  formate.

Headspace enrichment o f  v o l a t i l e s  o f  e s se n t i a l  o i l s  was demonstrated 

by two gas chromatograms presented in  F ig .  10. The upper chromatogram was 

obtained fo r  a Russ ian  c l a r y  sage o i l ,  the lower one shows how the v o l ­

a t i l e s  were enr iched by a p p l i c a t i o n  o f  the concentrat ion  technique, as 

i l l u s t r a t e d  in F ig .  9. The peak of  l i n a l o o l  i s  marked on both chromato­

grams .

Table IV l i s t s  the compounds found in the headspace o f  c l a r y  sage o i l .

Table IV. Headspace components o f  c l a r y  sage o i l .

ALDEHYDES
Ethanal 
Propanai 
Isobutanal
2 -M e th y l -2 -p rop en - l -a l  
Pentanal
2 -  Methylbutanal
3 -  Methylbutanal  
Hexanal 
E-2-hexenal

ALC0H0LS
Methanol 
Ethanol 
Isopropanol  
I sobutanol
2 -  Butanol
3 -  Methylbutanol 
2 -M e thy l -3 -bu ten -2 -o l

ETHERS
2 -  Methylfuran
3 -  Methylfuran 
2 -E th y l fu ra n

ESTERS
Ethyl  formate 
Methyl acetate 
Ethyl acetate 
Hexyl acetate 

HYDROCARBONS
Isoprene
2-  M ethy l - 1 -butene
3 -  Methy l- 1 -butene

KETONES
Acetone
3-Buten-2-one
3 -  Pentanone
4 -  Methyl-2-pentanone 
3-0ctanone 
D iacety l

The components i d e n t i f i e d  in the headspace o f  sp ike  lavender o i l  are 

presented in  Table V. Many of  these components cont r ibu te  s i g n i f i c a n t l y  to
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l i n a l o o l

F ig .  10. Gas chromatograms o f  c l a r y  sage o i l .  Upper chromatogram, pure 
Russ ian  c l a r y  sage o i l ;  lower chromatogram, concentrated head- 
space o f  c l a r y  sage o i l .  Column, 50 m x 0.32 mm i . d . ,  fused 
s i l i c a ,  df.  0.5  yin SE-54, temperature program, 50-250°C (4°C/min).
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the top f la vou r  of the o i l .

Table V. Headspace components o f  Span ish  sp ike  lavender o i l .

ALDEHYDES

Acetaldehyde 
Butanal 
Isobutana l  
Pentanal
2 -  Methylbutanal
3 -  Methylbutanal 
Hexanal 
E-2-hexenal

ALCOHOLS
Ethanol
Isopropanol
Isobutanol
2-Butanol
1-  Penten-3~ol
2-  M e thy l -3 -bu ten -2 -o l  
Hexanol

ETHERS
2 -  Methylfuran
3- Methylfuran
2 -  E thy l fu ran
3 -  I sop ropy l fu ran  
Hexyl methyl ether

ESTERS
Isopropy l  formate 
Hexyl formate 
Ethyl  acetate 
A l l y l  acetate
2 -  Butyl acetate 
Butyl acetate 
Hexyl acetate 
Methyl butyrate

HYDROCARBONS
Isoprene 
Toluene

KETONES
Acetone
Butanone
3 -  Buten-2-one
2 -  Pentanone
3 -  Methyl-2-butanone
3 -  Hexanone
2-Methyl-3-pentanone
4 -  Methyl-2-pentanone
2 -  M ethy l -1-penten-3-one
3 -  0ctanone

The methods d i scu s sed  in t h i s  paper can be app l ied  f o r  concentrat ion  

o f  the v o l a t i l e s  of d i f fe ren t  k inds  of products.  E x ce l le n t  r e s u l t s  have 

fo r  instance been obta ined with f r u i t s ,  provided that the excess  o f  water 

vapour i s  c a r e f u l l y  removed.
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SENSORY EVALUATION OF FLAVOUR AND FRAGRANCE COMPOUNDS AFTER HEADSPACE 
SAMPLING, CAPILLARY CHROMATOGRAPHY AND THERMAL CONDUCTIVITY DETECTION

H. OBBENS, L. HUBER

ABSTRACT

An a n a l y s i s  method i s  descr ibed,  which g i v e s  a f a s t  in fo rmat ion  on f l a ­
vour and f ragrance  compounds o f  s o l i d  and l i q u i d  samples. The vapour phase 
above the thermostated sample i s  in jec ted  v ia  an automated headspace sam­
p l i n g  u n i t  in to  a chromatographic system. The sepa ra t ion  o f  the i n d iv id u a l  
compounds i s  performed on a t h i c k f i lm  fused s i l i c a  c a p i l l a r y  column with  a 
h igh  sample capac i t y .  The separated compounds are detected by a thermal 
c o n d u c t i v i t y  detector  with a low f i lament  c e l l  volume and a high s e n s i t i v ­
i t y .  A f t e r  the detect ion ,  the i n d i v i d u a l  compounds can be used f o r  f u r th e r  
e va lua t ion  l i k e  sensory  t e s t s  and spec t ro scop ic  ana ly se s .  The method does 
not requ i re  any sample p reparat ion  and can be used f o r  l i q u i d  and s o l i d  
sam ples .

INTRODUCTION

Gas chromatography i s  a well e s t a b l i s h e d  method to cha rac te r ize  f l a v o u r s  

and f ra g rance s .  The high r e s o l u t i o n  o f  c a p i l l a r y  columns and the in e r tne s s  

o f  fused s i l i c a  as tube mater ia l  con t r ibu te  to an e xce l le n t  separa t ion  of  

the mixtures encountered in  f l a v o u r  and f rag rances  a n a l y s i s .

Sensory  e va lua t ion  o f  c a p i l l a r y  peaks has been accomplished by s p l i t t i n g  

the column e f f l u e n t  between a flame i o n i z a t i o n  detector  and a heated vent

(1 ) .  The implementation o f  the thermal c o n d u c t i v i t y  detector  in to  c a p i l l a r y  

gas chromatography e l im inated  the need fo r  e f f lu e n t  s p l i t t i n g  (2 ) .

The sampling o f  v o l a t i l e  components in s o l i d s  o r  h i g h l y  v i s c ou s  samples 

can be done in  d i f f e r e n t  ways: 1. by e x t r a c t io n  o f  the v o l a t i l e  components 

with a s o lven t ,  o r  2. by d i r e c t  sampling o f  the vapour phase by headspace 

a n a l y s i s .  A comparison o f  both methods has been made by Ch ia lva  et a l . (3 ) .  

Minimum or  no sample preparat ion  i s  the g rea t  advantage o f  the headspace 

sampling technique.

Th is  paper de sc r ibe s  the a n a l y s i s  o f  f l a v o u r s  and f rag rances  u s ing  

headspace sampl ing,  fused s i l i c a  columns and thermal c o n d u c t i v i t y  detec­

t ion  .

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essentia! oils and aromatic plants, IS B N -1 3: <>78 94 000 5137 2 
©  1985 Martinus N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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EXPERIMENTAL

Ana lyses  were performed u s ing  a headspace sampling u n i t  DANI HSS 3950 

and a gas chromatograph Hewlett-Packard 5880A. The gas chromatograph was 

equipped with a s p l i t / s p l i t l e s s  c a p i l l a r y  i n l e t  system, a thermal conduc­

t i v i t y  detector  (TCD) and a flame i o n i z a t i o n  detector  (F ID ) .

SAMPLE VIAL *
DETECTOR

SAMPLING UNIT GAS CHROMATOGRAPH

F i g . l .  Scheme of the a n a l y s i s  system in the standby mode.

SAMPLE VIAL ♦
DETECTOR

SAMPLING UNIT GAS CHROMATOGRAPH

F i g . 2. Scheme o f  the a n a l y s i s  system in  the sampling mode.
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The headspace sampler i s  a s tand-a lone  un i t ,  which can be in te r faced  

to the gas chromatograph w i th in  a few minutes.  A schematic diagram of  the 

a n a l y s i s  system i s  shown in  F i g . l .  The main part  of  the sampling un i t  i s  

a s i x - p o r t  r o t a r y  va lve ,  which i s  used to r e a l i s e  the proper connect ions  

between the c a r r i e r  gas,  the sample loop and the GC in j e c t i o n  port,  the 

sample v i a l  and an a u x i l i a r y  gas.  The s i z e  of  the sample loop was 1 ml.

The va lve ,  the sample loop and the t r a n s f e r  l i n e  were heated up to 95 C 

and the v i a l  temperature was 80°C.

At the beg inn ing  o f  a sample cyc le  the sample needle moves down and 

penetrates  the vapour space of the v i a l  and the sample i s  p re s su r ized  by 

the a u x i l i a r y  gas.  A f t e r  a p rese lected  time of 10 s,  va lve  2 i s  c lo sed  

and the loop e q u i l i b r a t e s  to the atmosphere v ia  va lve  3. A f t e r  an e q u i ­

l i b r i u m  period o f  10 s the va lve  1 ro ta te s  and the content o f  the sample 

loop i s  f lu shed  with  the c a r r i e r  gas in to  the i n j e c t i o n  port  o f  the GC 

( F i g . 2).  At the same time, the c a p i l l a r y  i n l e t  system i s  switched from 

s p l i t  in to  the s p l i t l e s s  mode. 10 s l a t e r ,  a l l  va lve s  are switched back 

to the standby s t a tu s  ( F i g . l ) .  During t h i s  time, the t r a n s f e r  tube, the 

sample loop and the needle probe are f lu shed  with Helium to prevent a 

contaminat ion du r ing  the next chromatographic a n a l y s i s .

The chromatographic c o nd i t io n s  were: column, fused s i l i c a ,  30 m x 0.53 

mm, 0 V - 1 ; oven temperature, 40°C (5 min)-»180°C (6°C/min); detector  tem­

perature, 250°C.

RESULTS

The a n a l y s i s  o f  a f ragrance  sample was compared with  a soap sample 

which was impregnated with the same f ragrance.  F i g . 3 shows a chromatogram, 

which was obtained from the f ragrance  sample with  TCD. A chromatogram ob­

ta ined from a soap sample i s  shown in  F i g . 4. A comparison was made between 

TCD and FID. F i g s .  5 and 6 show chromatograms obta ined with an F ID  c o r r e ­

sponding to chromatograms in  F i g s . 3 and 4. The comparison shows that  there 

i s  no d i f fe rence  in the peak shape obtained with the two detectors .

CONCLUSIONS

Headspace sampling i s  an idea l  sampling method f o r  s o l i d  and h i g h l y  

v i s c o u s  samples.  I t  e l im ina te s  the need f o r  a s o p h i s t i c a t e d  sample prep­

a ra t io n .  A s tand -a lone  headspace sampler can be in te r faced  w i th in  a few 

minutes to d i f f e r e n t  gas chromatographs. The s p l i t l e s s  c a p i l l a r y  i n l e t
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system enables the sampling onto c a p i l l a r y  columns without a sample s p l i t ­

t i n g .  With t h i s  method the s e n s i t i v i t y  o f  the a n a l y s i s  i s  increased.  Large 

diameter c a p i l l a r y  columns with th ick  f i lm s  o f f e r  wide dynamic range and 

high capac ity.  The combination o f  these columns with s i n g l e  f i lament  TCD 

prov ides  a powerful tool  f o r  sensory  e va lua t ion  o f  f l a v o u r s  and f rag rances  

w ithout the need of  e f f lu e n t  s p l i t t i n g .

„jJ l * JlLj. IJIWliaA
F i g . 3. Fragrance sample with TCD.

F i g . 4. Soap sample with TCD.
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F i g . 5. Fragrance sample with FID.

F i g . 6. Soap sample with FID.
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GLC OF THE HEADSPACE AFTER CONCENTRATION ON TENAX GC AND OF THE ESSENTIAL 
OILS OF APPLES, FRESH CELERY, FRESH LOVAGE, HONEYSUCKLE AND GINGER POWDER

H.L. DE POOTER, B.A. COOLSAET, P.J. DIRINCK, N.M. SCHAMP

ABSTRACT

By concentra t ing  the headspace components o f  i n t a c t  f r u i t s ,  vegetables 
and f lowers  on Tenax GC, fo l lowed by thermal de sorpt ion  and GC-MS, the 
composit ion o f  the v o l a t i l e s  present  can e a s i l y  be s tud ied .  The technique 
may be app l ied  to m a te r ia l s  r i ch  or  poor in  e s s e n t i a l  o i l s ,  y i e l d i n g  exten­
s i v e  in fo rmat ion  about the aroma compounds. Moreover, owing to the non­
d e s t ru c t i v e  characte r  o f  the method, repeated sampling i s  p o s s ib le .  Th is  
makes i t  the method o f  choice f o r  s tudy ing  q u a l i t a t i v e  and q u a n t i t a t i v e  
changes in  content and composit ion o f  the v o l a t i l e s  as func t ion  of time, 
e.g. in p h y s i o l o g i c a l  and biochemical  work.

INTRODUCTION

Unt i l  r ecen t ly  the f l a v o u r  o f  aromatic  herbs,  sp ices ,  f r u i t s , vegetables 

and f lowers  was u s u a l l y  a s se s sed  by ana ly z ing  the correspond ing  v o l a t i l e  

o i l s ,  and only  r a r e l y  by i n v e s t i g a t i n g  the headspace. Th is  i s  ra ther  s u r ­

p r i s i n g  s ince  headspace a n a l y s i s  combines severa l  worthwhile f ea tu re s :  i t  

g ive s  a be tte r  image o f  the f ragrance  one a c t u a l l y  observes by sm e l l ing ,  

i t  i s  e a s i l y  performed and may be repeated w ithout  t roub le  u s ing  d i f f e r e n t  

samples, and i t  i s  fundamental ly  non -de s t ruc t ive .  E s se n t i a l  o i l s  on the 

other  hand are prepared by h y d r o d i s t i 1 l a t i o n  or by e x t r a c t io n ,  which y i e l d  

the sum to ta l  o f  the v o l a t i l e s  and dest roy  the matr ix  o f  the mater ia l  in 

the process.

The e a s i e s t  way o f  performing headspace ana ly ses  c o n s i s t s  o f  d i r e c t  

sampling of  the atmosphere above the mater ia l  by means o f  a g a s - t i g h t  s y r ­

inge,  fo l lowed by i n j e c t i o n  of  the sample in to  a gas chromatograph equipped 

with  a g l a s s  c a p i l l a r y  column. Th is  method g ive s  good r e s u l t s  with  dr ied  

aromatic  herbs,  and complements the ana ly ses  o f  the correspond ing  e s se n t ia l  

o i l s  to a la rge  extent (1 ) .  However, i t  i s  l e s s  su cce s s fu l  when sampling 

i n t a c t  f r u i t s ,  vegetab les  and f low er s ,  because these re lease  t h e i r  v o l a t i l e s  

more s low ly  and in  sm a l le r  amounts i n to  the atmosphere, so that  on ly  the 

most abundant components are detected ( 2 -4 ) .  Th is  d i f f i c u l t y  can be overcome

A. Baerheim Svendsen andJ.J.C. Scheffer (eds). Essential oils and aromatic plants, ISBN -13 : 978-94-009-5137-2 
©  1985 Martinas N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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by concentrat ing  the headspace in to  enr iched samples — f o r  a p p l i c a t io n s  in  

the food in d u s t r y ,  see (5) — , u s u a l l y  by adsorpt ion  on minute amounts o f  an 

adsorbent ( rang ing  from carbon b lack ,  over GLC s t a t i o n a r y  phases,  to Tenax 

GC), fol lowed by e lu t io n  of  the compounds with  an appropiate  so lvent.

In our labo ra to ry ,  the v o l a t i l e s  are c o l le c ted  on r e l a t i v e l y  la rge  amounts 

o f  Tenax GC and they are then thermal ly  desorbed. The a p p l i c a t io n  o f  t h i s  

method in  f r u i t  f l a v o u r  a n a l y s i s  has recen t ly  been d i scu s sed  (6).  In the 

present paper i t s  p o s s i b i l i t i e s  f o r  s tudy ing  the f ragrance  o f  f re sh  veg­

e tab le s ,  f lowers  and f r u i t s ,  and sp ice s  w i l l  be treated.

MATERIALS AND METHODS

Celery  (Apium g r a v e o le n s  CV d u l c e ) , g in ge r  powder ( Z i n g i b e r  o f f i c i n a l e ) 

and apples (M aius d o m e s t ic a  cv Golden D e l i c i o u s )  were purchased l o c a l l y .  

Lovage (L e v is t i c u m  o f f i c i n a l e )  was obta ined from the Botan ica l  Garden, State  

U n i v e r s i t y  o f  Ghent, Belg ium, and honeysuckle (L o n i c e r a  p e r ic ly m e n u m ) was 

c o l le c ted  in the woods of  U r s e l , Belgium.

E s se n t ia l  o i l s  were prepared by h y d r o d i s t i l l a t i o n ,  fo l lowed by exhaust ive  

e x t ra c t io n  of the d i s t i l l a t e  with  dichloromethane, and ca re fu l  c o n ce n t ra t io n .

Headspace c o l l e c t i o n  was performed by f l u s h i n g  a g l a s s  sampling vesse l  

(an 8 1 d e s ic ca to r  f o r  1.5-2  kg in t a c t  app les,  90 g c e le r y ,  10 g lovage,

50 g honeysuckle,  or  a 250 ml roundbottomed f l a s k  f o r  1.5 g g in ge r  powder), 

thermostated at 17°C, with a i r  from a compressed a i r  c y l i n d e r  at 150-400 

ml/min. A f te r  15 min a Tenax GC 60-80 mesh ad so rpt ion  tube (11 cm x 12 mm

i . d . ;  1.8 g adsorbent)  was attached to the o u t le t  o f  the g l a s s  conta ine r ,  

and the sample was co l le c ted  dur ing  15-20 min. When c losed  t i g h t l y  by means 

o f  g l a s s  s toppers  and Para f i lm  M (American Can Cy),  the loaded adsorpt ion  

tubes could be stored  at ambient temperature f o r  long per iods  w ithout  l o s s  

or  d e te r io ra t io n  o f  the samples.

Treatment o f  apples with  pentanoic a c i d : the ac id  (100 y l )  was brought 

d i r e c t l y  on the bottom o f  the de s ic ca to r ,  and the sweeping with a i r  was 

continued (ensu r ing  d i s t r i b u t i o n  of  the vapours,  and keeping the a v a i l a b le  

amounts o f  ac id  w i th in  p h y s i o l o g i c a l l y  acceptable l i m i t s ) .  Samples were 

taken 24 h a f te r  add i t ion  o f  the ac id  precursor .

In je c t io n  o f  the sample: f o r  recovery and i n je c t io n  of  the headspace 

concentrates,  modif ied gas chromatographs equipped with  a s e l f - c o n s t r u c te d  

d e so rp t io n - in je c t io n  system (F ig .  1) were used (6 -10 ) .  The compounds were 

desorbed by heat ing  the adsorpt ion  tube g ra d u a l l y  to 180°C in  a separate
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F ig .  1. D e so rp t i o n - i n j e c t i o n  system: A. de so rp t ion  and c o l l e c t i o n  o f  the 
v o l a t i l e s  in  a co ld  t rap ;  B. i n j e c t i o n  by hea t ing  the co ld  trap.
1. tw o -p o s i t i o n ,  s i x - p o r t ,  h igh temperature i n j e c t i o n  va lve  (Valeo 
In s t ruments ,  Houston, U . S .A . ) ;  2. c a r r i e r  gas,  Helium, 4 ml/min;
3. co ld  trap ( in  l i q u i d  a i r ) ;  4. de so rp t ion  oven and ad so rp t ion  
tube; 5. sweeping gas,  Helium, 10-12 ml/min; 6. g l a s s  c a p i l l a r y  
column.

oven under a cont inuous f low o f  Helium (10-12 ml/min) and c a r r ie d  away in to  

a s t a i n l e s s  s tee l  c o l l e c t i o n  tube (1/8"  i . d . )  cooled in  l i q u i d  a i r  ( F ig .  1A). 

A f t e r  complet ing the deso rp t ion  and c o l l e c t i o n  (30-45 min),  the va lve  was 

turned in to  i t s  second p o s i t i o n  ( F ig .  I B ) ,  pu t t in g  the cold t rap  in  s e r i e s  

with the g l a s s  c a p i l l a r y  GLC column. The sample was then in jec ted  by heat ing  

the c o l l e c t i o n  c o i l  by means o f  a 1250 W f l o o d - l i g h t  or an o i l  bath at 180- 

200°C.

The correspond!ng  e s s e n t i a l  o i l s  were d i s s o l v e d  in  carbon d i s u l f i d e  (1 yl 

in  100-250 yl of  s o l v e n t )  and 0 .5 -1  yl samples were in jected.

Gas chromatography and mass spect rom etry : the compounds were separated 

in Var ian  2700 or  3700 instruments  equipped with g l a s s  c a p i l l a r y  0V-1 

(40 m x 0.5 mm i . d . ;  coat ing  th ic kne s s  0.75 y) o r  SE-52 columns (150 m x 

0.5  mm i . d . ;  coat ing  th ic kne s s  0.6  y; a n a l y s i s  o f  the apple headspace e s t e r s ,  

F ig s .  6A and 6B).  Operat ing c o n d i t io n s :  l i n e a r  temperature program 10-200°C, 

3°C/min (0V-1 column; Var ian  3700 instrument)  or l°C/min '(SE-52 column;

Varian  2700 in s t rum ent ) ;  i n j e c t o r s ,  180°C; de tec to r s ,  250°C; c a r r i e r  gas,  

Helium, 4 ml/min.

For GC-MS, the g l a s s  c a p i l l a r y  column, i n s t a l l e d  in a Var ian  2700 gas 

chromatograph, was connected with the i n l e t  o f  a MAT 112 mass spectrometer 

by means o f  a s p l i t t e r  and a p lat inum c a p i l l a r y  (50 cm x 0.133 mm i . d . ;

200°C).
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I d e n t i f i c a t i o n  o f  the compounds: they were i d e n t i f i e d  by t h e i r  retent ion  

times as expressed by the Kovats ind ice s  u s ing  the homologous s e r i e s  of 

n-a lkanes  C^-C^g as standards  (11 ) ,  by t h e i r  mass spectra  and, i f  p o s s ib le ,  

by comparison with au thent ic  samples, which were syn the s ized  or  i s o la te d ,  

or present in  e s s e n t ia l  o i l s  of  known composit ion (12).

RESULTS AND DISCUSSION

When comparing the GC traces  o f  the headspace and the e s se n t ia l  o i l  of  

the va r iou s  samples used in t h i s  i n v e s t i g a t i o n ,  a c le a r  d i f fe rence  was ob­

served between the r e s u l t s  obtained f o r  f re sh  mater ia l  ( ce le r y ,  lovage,  honey 

suck le  and apples)  and f o r  d r ied  g in ge r  powder. Whereas the former tended to 

have more peaks with sm a l le r  Kovats in d ice s  f o r  the headspace a n a l y s i s ,  the 

l a t t e r  gave analogous patterns  f o r  the headspace and fo r  the e s se n t ia l  o i l .

As shown in F ig .  2, 13 components were immediately i d e n t i f i e d  in the head- 

space of  g in ge r  powder, versus  ten in the o i l .  Moreover, when l a r g e r  samples 

of  the headspace were examined, 16 more compounds were i d e n t i f i e d ,  namely 

a-thu jene ,  a-p inene,  camphene, sab inene, p-pinene, myrcene, A3-carene, a-  

terp inene,  p-cymene, t ran s -p -oc im ene , y - te rp inene ,  te rp ino lene ,  camphor, 

6-elemene, a santa lene and a-humulene, which compares favou rab ly  with pub­

l i s h e d  data fo r  g inge r  o i l  (13, and references  the re in )  up to p - s e sq u i -  

phellandrene. Substances with a h ighe r  re tent ion  index, however, could not 

be detected.

The same phenomenon was even more pronounced fo r  ce le ry  and lovage 

( F ig s .  3 and 4 ) ,  where the headspace seemed to be composed almost e x c lu s i v e ly  

of  mono- and sesqu i te rpenes  whi le  i t  was almost completely f ree  o f  phtha l ides  

— ce le ry  characte r  compounds (14). Th is  was thought to be due in  part  to the 

thermal i n s t a b i l i t y  o f  these substances (15) on one hand, and to t h e i r  low 

concentrat ion  in the headspace on the other. On stepwise i n v e s t i g a t i o n  of 

the d e s o rp t io n - in je c t io n  procedure, however, ad so rpt ion  and decomposition of 

the phtha l ide s  in  the g raph ite  i n je c t io n  va lve  was found to be another p o s s ­

ib l e  reason f o r  the absence of the substances in the gas chromatograms ( F i g s .  

3A and 4 A ) . Indeed, when the i n j e c t i o n  valve 1 (F ig .  1A) was bypassed dur ing  

sample c o l l e c t i o n  in  the co ld  trap 3 and dur ing  i n j e c t i o n  (F ig .  IB ) ,  good 

peaks were obtained f o r  ph tha l ide s  present  in  a ce le ry  e s se n t ia l  o i l  sample 

app l ied  to a Tenax GC adso rpt ion  tube. An authent ic  ce le ry  headspace sample 

on the other  hand, worked up in the same way, gave only  s l i g h t  deformation 

of  the base l i n e  f o r  the ph tha l ide s ,  i n d i c a t i n g  t h e i r  low concentrat ion  in
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F ig .  2. G inger  powder ( z i n g i b e r  o f f i c i n a l e ) : A. headspace; B. e s s e n t i a l  o i l  
40 m 0V-1 g l a s s  c a p i l l a r y  column.
1. a-P inene 9. a-Copaene
2. Camphene 10. U n id e n t i f ie d
3. a -Phe l land rene 11. ß-Elemene
4. 1 .8 -C ineo le 12. ß -Ca ryophy l1ene
5. Limonene 13. ar-Curcumene
6. L in a lo o l 14. Z ing iberene
7. Borneol 15. ß -B i sabo lene
8. Bornyl  acetate 16. ß -Se squ iphe l land rene
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c 6 C m  C 14 C18

Fig.  3. Fresh ce le ry  
t i a l  o i l ;  40
1. a-P inene
2. 3-Pinene
3. Myrcene
4. a-Phe l landrene
5. p-Cymene
6. Limonene

( Apium g ra v e o le n s
m 0V-1 g l a s s  capi

cv d u i c e ) : A. headspace; B. essen-  
11 ary column.

7. y T e r p i n e n e
8. 3 -Ca ryophy l1ene
9. 3 -Se l inene

10. Bu ty lph tha l ide
11. M ixture  of  hydrophtha l ides
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12 34 5.6 10

F ig .  4. Fresh lovage {L e v i s t i c u m  o f f i c i n a i e ) : A. headspace; B. e s s e n t i a l
o i l ;  40 m 0V
1. a -P inene
2. Camphene
3. ß-Pinene
4. Myrcene
5. 1 .8 -C ineo le
6. Limonene

1 g l a s s  c a p i l l a r y  column.
7. y -Terp inene
8. Terp inolene
9. a -Terp ineo l

10. a -T e rp in y l  acetate
11. B u t y l idenephtha l ide
12. L i g u s t i l i d e
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4 1

F ig.  5. Honeysuckle (L o n i c e r a  p e r i c ly m e n u m ) : A. headspace; B. e s se n t i a l  
o i l ;  40 m 0V-1 g l a s s  c a p i l l a r y  column.
1. 3-Pinene 5. L in a loo l  oxide ( t ran s  ? )
2. Myrcene 6. L in a lo o l  oxide ( c i s  ?)
3. a -Phe l landrene  7. L ina loo l
4. Limonene 8. a -Terp ineo l
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the headspace o f  i n t a c t  ce le ry .

The need f o r  ca re fu l  temperature cont ro l  was confirmed whi le  s tudy in g  

lovage headspace, the c h i e f  component o f  which {F ig .  4A) i s  a - t e r p i n y l  

acetate (a t e r t i a r y  a lcoho l  e s t e r  and as such a member o f  a c l a s s  o f  com­

pounds which deacy la te  e a s i l y  in to  a lk ene s ) .  When the i n j e c t i o n  va lve  

(F ig .  1) was heated to  250°C, and de so rp t ion  and i n j e c t i o n  were performed 

at  220°C, no e s t e r  could be detected, but in s tead  a very  la rge  l imonene 

peak appeared. The s i t u a t i o n  returned to normal by reduc ing  a l l  temperatures 

to a maximum o f  180°C.

As may be deduced from i t s  headspace a n a l y s i s ,  the odour o f  honeysuckle  

seems to be l a r g e l y  based on l i n a l o o l  and limonene ( F ig .  5 A ) . These compo­

nents determine the o ve ra l l  f rag rance  im press ion ,  which i s  most probably  

re f ined  and softened by minute amounts o f  other  v o l a t i l e s ,  the presence o f  

which was shown by a n a l y s i s  o f  the e s s e n t i a l  o i l  (F ig .  5B).

An e s s e n t i a l  o i l  o f  Golden D e l i c i o u s  app le s ,  prepared by h y d r o d i s t i l l a ­

t io n  was notab ly  poor in  v o l a t i l e s  (ma in ly  hexyl e s te r s  and a - fa rne sene ;

F ig .  6C),  and — not s u r p r i s i n g l y  — had the odour o f  apple sauce. The head- 

space concentrate  on the other  hand was composed o f  a la rge  v a r i e t y  of  

e s t e r s ,  most ly  de r ived  from a c e t i c ,  b u t y r i c  and hexanoic a c id s ,  and of  

a - fa rnesene  ( F i g .  6 A ) .

The headspace enr ichment technique desc r ibed  above thus al lowed f a s t  and 

r e l a t i v e l y  d e ta i le d  e va lua t ion  o f  v o l a t i l e  contents  up to substances  with a 

Kovats index on OV-1 columns o f  1500. Moreover, because sampling i s  pe r ­

formed w ithout  d e s t ru c t io n  o f  the m a te r i a l s ,  consecut ive  samples may be 

taken in func t ion  o f  time ( in  some cases  spread out over  a f o r t n i g h t ) .  As 

the method i s  qu i te  rep roduc ib le  ( v a r i a t i o n  o f  the peak areas  1 0 %  o r  l e s s ) ,  

i t  was app l ied  in  a study  o f  apple aroma format ion,  by a d d i t io n  o f  carboxy l ic  

ac id  p recu r so r s  (9, 10). The changes in  headspace compos it ion  o f  Golden 

D e l i c i o u s  apples a f t e r  24 h treatment w ith  pentanoic  ac id  vapours  are i l l u s ­

t ra ted  in F ig .  6B. The format ion  o f  pentyl  e s te r s  and pentanoates i n d i c a te s  

the dependence o f  apple aroma formation on the a v a i l a b i l i t y  o f  p re cu r so r s ,  

and not so much on the e s t e r  forming enzyme system (10).

CONCLUSIONS

By headspace enr ichment on Tenax GC, fo l lowed by thermal d e so rp t ion ,  the 

v o l a t i l e  content  o f  i n t a c t  vege tab le s ,  f r u i t s ,  f low e r s ,  etc. may be d e te r ­

mined. S ince  the sampl ing i s  n o n -d e s t r u c t i v e ,  the e vo lu t io n  o f  aromas may
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Fig. 6. In ta c t  apples (M aius d o m e s t ica  cv Golden D e l i c i o u s ) :  A. headspace; 
150 m SE-52 g l a s s  c a p i l l a r y  column; B. headspace a f t e r  24 h in c u ­
bat ion  with  pentanoic ac id  vapours at  17°C; 150 m SE-52 g l a s s
c a p i l l a r y  column; C. e s se n t ia l
1. Propyl acetate
2. 2-Methyl propyl acetate
3. Butyl acetate
4. 3-Methyl butyl acetate
5. Pentyl acetate
6. Butyl butyrate
7. Pentyl propionate
8. Hexyl acetate
9. Pentyl butyrate

o i l ;  40 m 0V-1 g l a s s  c a p i l l a r y  column.
10. Hexyl propionate
11. Pentyl 2-methyl butyrate
12. Butyl hexanoate + hexyl 

butyrate
13. Hexyl 2-methyl butyrate
14. Hexyl pentanoate
15. Hexyl hexanoate
16. a-Farnesene

be fol lowed as funct ion  of  time, e.g.  in  biochemical s t u d ie s .  As loaded 

adsorpt ion  tubes can be stored  w ithout a l t e r a t i o n  u n t i l  GC a n a l y s i s ,  many 

samples may be co l le c ted  of  m a te r ia l s  which are on ly  a v a i l a b le  dur ing  sho r t  

per iods  of time, e.g.  l i l i e s  of the v a l l e y  in bloom. The method i s  only  

l im i ted  by the thermal s t a b i l i t y  and v o l a t i l i t y  o f  the compounds, l i m i t a ­

t io n s  which are a l s o  found in GLC.
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HEADSPACE TECHNIQUE AS A VERSATILE COMPLEMENTARY TOOL TO INCREASE KNOWLEDGE 
ABOUT CONSTITUENTS OF DOMESTIC OR EXOTIC FLOWERS AND FRUITS

D. LAMPARSKY

ABSTRACT

The s o - c a l l e d  headspace technique has proved to be a v e r s a t i l e  comple­
mentary tool  to the c l a s s i c a l  a n a l y s i s  o f  a l l  k ind s  o f  na tu ra l  m a te r i a l s  
important to the f ra g rance  and f l a v o u r  i n d u s t r y .

T rapp ing  o f  odorous compounds by t h i s  method fo l lowed by GC-MS a n a l y s i s  
makes i t  p o s s i b l e  to detect  such c o n s t i t u e n t s  which may be l o s t  du r ing  
i n d u s t r i a l  treatment o f  f l o w e r s ,  l e a ve s ,  f r u i t s ,  etc.  le ad ing  to e x t r a c t s ,  
ab so lu te s  or  e s s e n t i a l  o i l s .

Furthermore, the headspace technique  a l low s  to se t  c r i t e r i a  f o r  the 
genu ineness  o f  i n d i v i d u a l  c o n s t i t u e n t s  and he lp s  to e x p la i n  the format ion  
o f  a r t i f a c t s .  S in ce  a headspace sample can be c o l l e c t e d  in  a n o n -d e s t r u c t i v e  
way, i t  i s  a l s o  p o s s i b l e  to app ly  t h i s  method to the i n v e s t i g a t i o n  o f  time- 
depending changes in  the p roduct ion  o f  v o l a t i l e  components w i t h i n  the 
l i v i n g  cel 1s .

To demonstrate  the g rea t  v a r i e t y  o f  p o s s i b i l i t i e s  in  the f i e l d s  o f  
i n t e r e s t ,  some o f  our  exper iences  w ith  hyac in th  (H y a c in th u s  o r i e n t a i i s ) , 
f r e e s i a  (F r e e s i a  r é f r a c t a  x  a r m s t r o n g i i ) , v a n i l l a  ( V a n i l l a  p l a n i f o l i a ) , 
l i l a c  (S y r in g a  v u l g a r i s ) , honeysuck le  (L o n i c e r a  s p e c i e s ) ,  verbena ( Verbena  
t r i p h y l l a  o r  L i p p i a  c i t r i o d o r a  Kunth .) and S t ra w b e r r ie s  (F r a g a r ia  spp .)  
w i l l  be d i s c u s se d .

INTRODUCTION

Headspace methodology rep re sen t s  an important  technique  in  a n a ly z in g  

natu ra l  s u b s t r a t e s .  The f ra g rance  i n d u s t r y  has a l ready  f o r  a long time 

been aware o f  t h i s ,  because what we are s n i f f i n g  in  our natu ra l  s u r round in g s  

i s  always — in  a l a r g e  sense o f  the word — the headspace o f  f l o w e r s ,  le a ve s ,  

woods, mushrooms, f r u i t s  and so  on. That means tha t  we pe rce ive  on ly  those 

odorous molecu les  which are in  the gaseous atmosphere around the p la n t s .

The experimental  b a s i s  o f  the method i s  n e ve r t he le s s  a c lo sed  system in  

which we f i n d  an e q u i l i b r i u m  between the molecu les  in  the vapour phase above 

a l i q u i d  phase and the ones in  the l i q u i d  phase i t s e l f .  The d i r e c t i n g  factor 

i s  the vapour p re s su re  o f  the i n d i v i d u a l  components. I t  i s  well  known tha t  

the vapour p re s su re  depends on the temperature o f  the system.

From t h i s  i t  becomes c l e a r  th a t  l o w - b o i l i n g  compounds hav ing  h ig h e r

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essentia/ oils and aromatic plants, ISBN-13: 978-94-009-5137-2
©  1985 Martinas N ijhoff/D r IV. Junk Publishers, Dordrecht, The Netherlands
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vapour p ressu re ,  w i l l  be found in the 'headspace '  to a l a r g e r  extent than 

the h i g h - b o i l i n g  substances with  on ly  low vapour p re s su re s .  But we must 

keep in mind the general ru le  f o r  a complex f ragrance  mixture: to have the 

true o r i g i n a l  sme l l ,  a l 1 components o f  the mixture should  and w i l l  con­

t r ib u te  to the o ve ra l l  sen sa t ion  o f  a rose ,  a l i l a c ,  a hyac inth  or others.

I t  i s  j u s t  t h i s  we l l -ba lanced  mixture o f  a great  v a r i e t y  o f  i n d iv id u a l  

components which g ive s  us the s i n g l e  impress ion  we memorize as ' r o s e ' ,  

' l i l a c '  o r  ' h y a c i n t h T h u s , mother nature i s  the best  teacher f o r  perfumers. 

I f  we can broaden our knowledge o f  the q u a l i t a t i v e  and q u a n t i t a t i v e  com­

p o s i t i o n  o f  the r e a l l y  emanated scent  o f  a h i g h l y  f r a g r a n t  f lower  and i f  

we can l i n k  these data to the composit ion in  the f lower  i t s e l f ,  we are a 

b ig  s tep forward in the d i r e c t i o n  o f  the c rea t ion  o f  f ragrances  ' c l o s e r -  

t o - n a t u r e ' .  This  i s  the p r a c t i c a l  background why our in d u s t r y  i s  i n te re s ted  

in  a c q u i r in g  such knowledge.

We present in  t h i s  paper some r e s u l t s  i l l u s t r a t i n g  the p o s s i b i l i t i e s  

o ffered  by headspace a n a l y s i s  alone and/or in combination with the ana ly s i s  

o f  a c l a s s i c a l  natural  s ub s t ra te  such as an ex t rac t ,  an abso lu te  or  an e s ­

s e n t ia l  o i l ,  in which the formations  of  a r t i f a c t s  or  l o s s e s  of  genuine 

components dur ing  the working-up procedures cannot be excluded.

HYACINTH

Ju s t  as reverence to the ' f l o w e ry  Ho l land '  we s t a r t  with hyac in th s ,  the 

sp r ing t im e  f lowers  with t h e i r  t yp ica l  f ragrance.  Th is  i s  very p lea sant  in 

high d i l u t i o n ,  but not always so in  concentrated form due to i t s  s t r o n g l y  

earthy  character.  Our f i r s t  f lower i s  at  the same time a good example fo r  

the g reat  advantage o f  headspace techniques in de tect ing  add i t io na l  com­

ponents never seen before in an i n d u s t r i a l l y  prepared abso lu te.

The abso lu te  o f  hyac inth  i s  produced in  on ly  small q u a n t i t i e s ;  i t s  gas 

chromatogram i s  shown in F ig .  1. We i d e n t i f i e d  115 c o n s t i tu en t s  bear ing  

the aromat ic nucleus (1 ) ,  that  seems to be a very  t yp ica l  s t r u c tu ra l  fea ­

ture in  the hyac in th s .  In ad d i t io n ,  about 50 a l i p h a t i c  compounds and only  

30 terpenes were found. The group o f  terpenoids  on ly  occurs in  low concen­

t r a t i o n s ,  i . e .  c i s -  and trans-p-oc imene to the extent o f  about 0.005% and 

0.02% re sp e c t i v e l y ,  and p-cymene as well as l imonene as t races.  These low 

percentages o f  te rpeno ids  have ra i sed  the quest ion  i f  perhaps some other 

components o f  t h i s  type were l o s t  du r ing  the i n d u s t r i a l  manufacturing.

The best method to check t h i s  presumption i s  the headspace a n a l y s i s .
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F ig .  1. Gas chromatogram o f  h yac in th  ab so lu te .  C on d i t io n s :  g l a s s  c a p i l l a r y  
column, 50 m x 0.3  mm, coated w ith  UCON HB;-5100; temperature pro ­
gram, 80°C (6 min) then 80-180°C (3°C/min);  c a r r i e r  ga s ,  Helium,
3 ml/min; i n j e c t i o n ,  1 yl o f  a 0.5% s o l u t i o n  in  pentane on co ld  
column.

F ig .  2 shows a schematic  view o f  the apparatus  used f o r - t h e  experiments.  

Hyacinth  f low ers  are placed on a g ra te .  N i t rogen  o r  o the r  i n e r t  gases  are 

passed through the system and take away a l l  odorous molecules  g iven  o f f  

by the f low e r s .  The emanating substance s  are sub sequent ly  adsorbed on small 

f i l t e r s  f i l l e d  w ith  charcoa l  o r  another  adsorbent  l i k e  Porapak. A f t e r  a 

c e r t a i n  runn ing  per iod  depending on the amount o f  v o l a t i l e s  emanated, and 

on the f i l t e r  c a p a c i t y  (no rma l ly  100 yg/10 mg o f  cha rcoa l )  the trapped 

m ate r ia l  i s  desorbed by means o f  a s o l v e n t  l i k e  carbon d i s u l f i d e ,  and ana­

lyzed v i a  GC-MS. I f  the d e so rp t ion  i s  repeated at  l e a s t  three t imes,  we 

never had s e r i o u s  d i f f i c u l t i e s  as d i s c u s sed  by Curvers  e t  a l . (2 ) .  These 

au thors  r e c e n t l y  po inted  out that  carbon d i s u l f i d e  i s  not very  well  s u i ted  

f o r  the d e so rp t ion  o f  a l c o h o l s  and carbony l  compounds from cha rcoa l .  The 

GC f i n g e r p r i n t  o f  the mater ia l  c o l l e c t e d  v i a  headspace sampl ing  i s  shown 

in  F ig .  3.
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Fig.  2. Headspace apparatus ( schematic).  1. N itrogen c y l i n d e r ;  2. reducing 
va lve ;  3. needle va lve ;  4. tower with molecular  s i e v e s ;  5. connec­
t i o n ;  6. vesse l  with g ra te ;  7. connect ion;  8. charcoal f i l t e r s  
(two); 9. rotameter.

F ig .  3. Gas chromatogram of  hyacinth  headspace. Cond i t ion s :  see F ig .  1.



83

As we a l ready  argued, the more v o l a t i l e  compounds are now present  in  

h igh e r  concen t ra t ion s .  Furthermore, we could detect  fou r  new components 

marked with  I I I ,  IV ,  V I I ,  and V I I I  ( F i g .  3).  The i r  s t r u c tu re s  were con­

firmed by s y n t h e s i s  ( F ig .  4).

Photo-oxygenat ion  o f  ocimene(s) fo l lowed by reduct ion  o f  the hydro­

perox ides  formed leads to a mixture  of  fou r  a l c o h o l s  in  the r a t i o  o f  42: 

3 :31 :24 ,  the l a s t  two a l c o h o l s ,  5̂  and 16, being the n a t u r a l l y  o c cu r r in g  

ocimenols.  Treatment with th io n y l  c h lo r id e  a t  0°C y i e l d s  the two i som er ic

2 ,6 - d im e t h y l - o c t a - 1 ,3,5  , 7 - t e t r a e n e s , 3_ and 4_, the spect ra  of  which c o r r e ­

spond to those  of  the hydrocarbons found in  the headspace sample of  hya­

c in th  f lowers .

With re spect  to the oc imenols,  5̂  and we have seen another i n t e r e s t i n g  

phenomenon, when a n a ly z in g  the headspace o f  hyac in th  f lowers  o f  d i f f e r e n t  

c o lou r s :  these a l c o h o l s  are present  in  the r a t i o  o f  1 :2 :3  in  the b lue,  red 

and white blossoms r e sp e c t i v e l y !

We are not sure  about the b io gene t ic  r e l a t i o n s h i p s  which might be re ­

s p o n s ib le  f o r  the d i f f e re n c e s  observed,  and we cannot exclude the p o s s i ­

b i l i t y  that  on ly  the degree o f  m atu r i ty  o f  the blossoms w i l l  determine the 

concentra t ion  o f  these a l c o h o l s  in  the f low ers .  Meanwhile we have detected 

both ocimenols a l s o  in  the headspace o f  lavender ,  osm anthus  b lossoms and 

mango f r u i t s  as well  as of  v a r iou s  Daphne spec ie s  e x h i b i t i n g  i n t e r e s t i n g  

odour p r o f i l e s .

1 . o 2
h v / s ens 

--------------- ►

2. r e d u c t .

S  O C L j  
< ------------

o ° c

F ig ,  4. S y n th e s i s  of  monoterpenes newly detected in  hyac in th  f low ers .



84

FREESIA

With respect  to d i f f e r e n t  q u an t i t a t i v e  composit ions  depending on the 

co lou r  o f  the examined natura l  m a te r ia l ,  we have found another good example 

in the fam i ly  o f  F ree s ia .  F ree s ia  f low ers ,  nowadays a v a i l a b le  from f lower 

shops in a great  v a r i e t y  of  c o lou r s ,  are h yb r id s  o f  F r e e s ia  r e f r a c t s  and 

F r e e s ia  a r m s t r o n g i i  o r i g i n a t i n g  from South A f r i c a .  Although the f lowers  are 

very popular  and the emanated f ragrance  i s  d e l i g h t f u l ,  noth ing  i s  known 

about t h e i r  co n s t i tu en t s .

Headspace samples were c o l le c ted  in the usual way by means o f  our l ab ­

o ra to ry  apparatus.  The f low rate was 40 ml/min o f  N itrogen and two char ­

coal f i l t e r s  were placed at the e x i t .  As expected, l i n a l o o l  was the main 

component. Together with a - te rp ineo l  i t  c on s t i tu ted  80% o f  the co l le c ted  

m ater ia l .  The ocimenols mentioned above could a l s o  be detected in  the head- 

space o f  f r e e s i a ,  but on ly  in  that  from ye l low  f lowers.  As in the case of 

hyacinth  abso lu te ,  these t e r t i a r y  a lcoho l s  were not present in  e x t ra c t s  of

F R E E S I A w h i t e y e I o w red
% L N H S L N HS LN H S

0.01 — 0 . 3 8 — 12 .8 0 0 2

t r — 0 . 0 5 — 3.8 t r

0. 02 — 0- 23 t r 0.08 —

0 . 0 8 — 0.1 9 — 0 . 58 tr

0.01 0 . 2 4 1.30 0.03

F ig.  5. C y c lo a l i p h a t i c  carbonyl compounds in  f r e e s i a  f lowers  o f  d i f f e r e n t  
co lou r s .  LN = L i k e n s -N ic k e r s o n ; HS = headspace; t r  = trace.
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f r e e s i a  f lowers  obtained v ia  a L iken s -N ic ke r son  apparatus.

The phenomenon o f  co lour-depend ing  composit ion  was observed when the 

headspaces and e x t ra c t s  from white,  ye l low  and red f r e e s i a  f lowers  were 

analyzed (F ig .  5).

Only the e x t ra c t s  always conta in  3 - i s o p h o ro n e , 7_, a - i s o p h o ro n e , 8, 

3 - c y c l o c i t r a l , 9^ s a f r a n a l , 1 0 , and oxo isopho rone , 11 . The concentrat ions  

inc rease  with  the deeper c o lou r  and we may assume that  degradat ion  of 

caro teno id s  p lay s  a r o le  in  t h e i r  formation. Only the red f lowers  exhale 

some o f  these components, thus i n d i c a t i n g  that  in  t h i s  case they are p o s s ­

i b l y  genuine c o n s t i t u e n t s .  When s n i f f i n g  at the red f r e e s i a ,  we immediately 

remark t h i s  c o n t r ib u t io n  by a ra the r  d i sag reeab le  vegetab le-  and isophorone- 

l i k e  odour note in  comparison with the very  c lean,  h i g h l y  d i f f u s i v e  l i n a -  

l o o l - t y p e  odour o f  both the other  l i g h t - c o lo u r e d  specimens.

A l so  some n i t r o g e n - c o n t a in in g  compounds were detected in  the L ik e n s -  

N ickerson e x t ra c t  o f  the red f r e e s i a  f lowers  (F ig .  6 ) .  The a l k y la te d  

p y r i d i n s ,  1 2  and 13 , and qu ino le ine  d e r i v a t i v e s ,  14 and JL5, could not be 

detected in  the co rrespond ing  headspace m ate r ia l .

12 13. 14 15.

F ig .  6. N i t r o gen -co n ta in in g  compounds in  L iken s -N ic ke r son  e x t ra c t s  of red 
f r e e s i a  f lowers .

HONEYSUCKLE

The n i t r o g e n - c o n ta in in g  substances lead to another chapter in  f lower 

f ragrance  a n a l y s i s .  Accord ing  to Exner (3) the f ragrance  o f  honeysuckle 

accounts f o r  one o f  the most d e l i c a te  odour types produced by nature. The 

e x t ra c t  o f  honeysuckle  f lowers  does not correspond to the real f ragrance  

o f  the f lowers  s in ce  a la rge  number o f  i n g red ie n t s  are very s e n s i t i v e  to 

the i s o l a t i o n  methods normal ly  used.

However, the headspace method has y ie ld ed  i n t e r e s t i n g  in fo rm at ions  con­

ce rn ing  some n i t r o g e n - c o n ta in in g  compounds. As we have a l ready  reported

(4 ) ,  we were able to detect  2 -m ethy lbu ty ron i t r i  1 , JJ5, as well  as the syn- 

and an t i - fo rm s  o f  2-methylbutanal oxime, 17. and 18̂ , in  headspace samples 

o f  L o n i c e r a  j a p ó n i c a  and l . p e r i c ly m e n u m , the European v a r i e t y  o f  honey­

suck le  (F ig .  7).
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2 2  2 3

F ig .  7. Const i tuent s  o f  L o n i c e r a  spec ie s .

The f i r s t  mentioned compound, 16_, i s  a l s o  a component of  b lack tea (5) 

and o f  orange f lowers  — c i t r u s  a u ra n t íu m  s sp.  amara — (4 ) ,  the s t a r t i n g  

mater ia l  f o r  an ab so lu te ,  well known f o r  i t s  pe r fum is t i c  use. Due to i t s  

v o l a t i l i t y ,  16_ could not be detected in the orange f lower  abso lu te  of  

commercial o r i g in .

A garden p lant  w ide ly  used in  Europe i s  L o n ic e r a  p e r ic iy m e n u m  forma 

s e r ó t i n a .  I t s  L iken s -N icke r son  e x t ra c t  contained about 0.1% 3-methyl-  

b u t y r o n i t r i 1, 19 , together  with t races  o f  the unsaturated analogue, 2 0 .

In the headspace sample compound 19 was present in h ighe r  concentrat ion  

than in  the ext rac t .  S u r p r i s i n g l y , the oxime of i s o v a l e r i c  aldehyde, 2 1 , 

was another main component bes ides  the compounds 17 and 18̂ . The syn- and 

an t i - fo rm s  of 21_ con s t i tu ted  about 20% o f  the L iken s -N icke r son  extrac t !

The odour o f  L .  p e r ic iy m e n u m  d i f f e r s  from that  of  L .  j a p ó n i c a . I t  shows a 

d i s t i n c t  'c innamic  shadow' which may be exp la ined  by the i d e n t i f i c a t i o n  

o f  1 - n i t r o -3 -m e thy lbutane, 22, accompanied by i t s  isomer 23_, l - n i t r o - 2 -  

methylbutane. The r a t i o  of these components was 20:1,  and the forma s e r ó ­

t i n a  contained 10 times the amount o f  22_ compared with  l . p e r ic iy m e n u m  

i t s e l f .

There are not only  i n t e r e s t i n g  n i t r o g e n -c o n ta in in g  substances in the 

headspace mater ia l  o f  v a r iou s  honeysuckle spec ie s .  In the f i e l d  of
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j a p o n .  p e n e

L I N A L O O L  O X I D E S 1 0 1

HC

2 4  a 2 4  b

H S :  0 . 4 %

L N :  0 . 6

G E R M A C R E N E  - D

H S :  2 1 . 0 %

L N :  6 . 2

2 5

F ig .  8. Some terpenoid  con s t i tuen t s  o f  L o n i c e r a  spec ie s ,  japón. = l .
j a p ó n i c a ; p e r i c l .  = l . p e r i d y m e n u m ; HS = headspace; LN = L ikens -  
Ni c ke r so n .

te rpeno ids ,  f o r  in s tance,  we found in l . j a p ó n i c a  10 times the amount of 

l i n a l o o l  ox ides ,  2j4, ( fu rano id  and pyranoid forms) in  comparison with  the 

European subspec ie s .  Germacrene-D, 25_, dominated by f a r  a l l  other  s e s q u i ­

terpene hyd rocarbons , showing once again  that  i t  represents  one of  the 

most prominent genuine sesquiterpene  hydrocarbons in  the p lan t  kingdom. 

Because o f  i t s  s e n s i t i v i t y  to ac id s  and heat,  germacrene-D (F ig .  8) w i l l  

often not be found in i n d u s t r i a l l y  treated natura l  m a te r ia l s .  I t  i s  then 

sub ject  to f u r th e r  c y c l i z a t i o n  reac t ion s  g i v i n g  a broad range of  b i -  and 

t r i c y c l i c  d e r i v a t i v e s ,  o r  a gum of  polymeric mater ia l  which cannot be i s o ­

lated by steam d i s t i l l a t i o n .

When d i s c u s s i n g  a n a l y t i c a l  r e s u l t s  of  headspace samples o f  f low ers ,  we 

should a l so  mention the l i l a c  (s y r in g a  v u l g a r i s ) about which p ioneer ing  

work was pub l i shed  by Mack and Kopsel (6 ) .  At the same time we worked at 

the same sub jec t ;  a t y p ic a l  c a p i l l a r y  gas chromatogram o f  a l i l a c  head- 

space i s  shown in  F ig .  9.

LILAC
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20* #0» pro®-
F ig.  9. Gas chromatogram of  l i l a c  headspace. Cond it ion s :  g l a s s  c a p i l l a r y  

column, 50 m x 0.33 mm, coated with UCON HB 5100; temperature p ro ­
gram, 50QC (9 min) then 50-180°C (3°C/min); c a r r i e r  gas,  Helium; 
i n j e c t i o n ,  0.5 ul on cold column.

Bes ides  the known components we i d e n t i f i e d  camphene, l imonene, camphor 

and 3-bourbonene, and some add i t iona l  aromatic compounds: p -m ethy lan iso le ,  

pheny lacet ic  aldehyde, e s t ra gó le ,  p-methylacetophenone, 2-methoxybenzyl 

methyl ether,  methyl e ugeno l , 1 , 2 ,4-tr imethoxybenzene, p ipe rona l ,  benzyl 

t i g l a t e  and c i s -3 -hexeny l  benzoate.

L ike  in  the case of  hyac in th ,  the c i s -  and trans-oc imenes were the most 

prominent peaks in  the headspace chromatogram. Mack and Kopsel (6) pointed 

out that  these hydrocarbons may be formed by dehydration o f  l i n a l o o l  during 

the contact  with charcoal in the t rapp ing  device. We checked t h i s  assump­

t ion  by adsorb ing  the exhaled f ra g ran t  components on Porapak. We d id  not 

f in d  any s i g n i f i c a n t  d i f fe rence  in  the concentra t ions  and the r a t i o s  of  

l i n a l o o l  and the ocimenes in  both exper iments.  I t  seems there fore  reason­

able to accept that  a la rge  amount of  the two hydrocarbons and a small 

amount o f  l i n a l o o l  occur r e a l l y  in  the headspace.

Th is  po int  i s  o f  g reat  p r a c t i c a l  i n t e r e s t  fo r  the odour matching t r i a l s

in  our indu s t ry .  The r e c o n s t i t u t i o n  o f  an odour 1t r u e - t o - n a t u r e ’ i s  not

an easy task.  We have to deduce the q u a n t i t a t i v e  composit ion o f  the odor­

ous mixture o f  a f lower from data obtained by the headspace technique fo r
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components from the vapour phase. At the beg inn ing  i t  was a f a s t i d i o u s  

ta sk  of  ' t r i a l  and e r ro r *  before we were acquainted with the behaviour of  

a l l  the f r a g r a n t  compounds having b ig  d i f fe rence s  in  t h e i r  vapour p r e s s ­

ures .

Therefore  we p re fe r  an add i t io na l  qu ick  a n a l y s i s  o f  an e x t rac t  made by 

e i t h e r  the L iken s -N icke r son  method or the s u p e r c r i t i c a l  carbon d iox ide  

e x t r a c t io n  technique. Our col 1aborators  Calame and S te in e r  (7) reported 

on such an e x t ra c t io n  g i v i n g  a l i l a c  concrete  ( y i e l d  0.0024%) which pro­

vided an ana ly sab le  abso lu te  o i l  ( y i e l d  0.00022%) a f t e r  dewaxing. The main 

components o f  t h i s  abso lu te  were: benzyl benzoate, 32.6%; e lem ic in ,  14.6%; 

l i l a c  a lcohol  ( i som ers ) ,  9.8%; p h y t o l , 7.8%; benzyl a l c oh o l ,  7.3%; cinnamic 

a lc oh o l ,  4.1%; hexadecano l, 3.2%. Ocimenes (0.01%) and l i n a l o o l  were only  

trace components, whereas c i s -3 -hexeny l  benzoate was present to an extent 

o f  0.5%, c l e a r l y  showing the expected d i f fe rence s  in  the q u an t i t a t i v e  com­

p o s i t i o n  o f  a headspace mater ia l  and the correspond ing  f lower ex t rac t .  I t  

i s  i n t e r e s t i n g  to  note that  Mack and Kopsel (6) found none o f  these main 

components except f o r  the l i l a c  a lc o h o l s .

VERBENA

As demonstrated above the deduction o f  usefu l  data f o r  p r a c t i c a l  recon­

s t i t u t i o n  approaches w i l l  normal ly  be f a c i l i t a t e d  by a p a r a l l e l  a n a l y s i s  

o f  headspaces and ext rac t s .  Th i s  double e f f o r t  may e n l igh ten  some other 

f a c t s  concern ing,  f o r  in s tance ,  the presence or absence of Z- and E - i s o -  

c i t r a l  in  the verbena p lan t ,  L i p p ia  c i t r i o d o r a  Kunth.

Verbena o i l  obtained by steam d i s t i l l a t i o n  from the f r e s h l y  harvested 

herb i s  a c t u a l l y  forb idden f o r  use in  f ragrance  compos i t ion s ,  due to photo­

to x ic  e f f e c t s .  When ana ly z ing  verbena o i l  o f  the A f r i c a n -  or  the Provence- 

type, we found the p h o toc i t ra l  isomers (8)  bes ides  a la rge  amount o f  neral 

and ge ran ia l  ( toge ther  40-60%).  E s p e c i a l l y  the Provence-type o i l  contained 

the i s o c i t r a 1s ,  2(5 and _27, ( F ig .  10) — to an extent of more than 1%. These 

very i n s t a b le  aldehydes could be i s o l a t e d  by sem ipreparat ive  GLC on packed 

columns. In t e r p re t a t io n  of  t h e i r  spect ra l  data led to the s t r u c tu re s  shown 

in  F ig .  10.

S ince  the correspondi  ng a l c o h o l s ,  2j3 and 29̂ , were a l s o  detected in  the 

o i l ,  the quest ion  i s  whether o r  not these compounds are genuine components. 

By GC a n a l y s i s  o f  the headspace o f  the f low er ing  herb, we were not able 

to conf irm the presence o f  the i s o c i t r a l  isomers. We the re fo re  be l ie ve
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2 8  ___

F ig.  10. Isomeric  c i t r a l  d e r i v a t i v e s  present  in verbena o i l  and absent 
in  headspace (HS) o f  f low er ing  verbena herb.

that Z- and E - i s o c i t r a l  are a r t i f a c t s  formed dur ing  the product ion  of 

verbena o i l ,  as a l ready  supposed by O h lo f f  in 1960 (9).  The heat- induced 

i som er iza t ion  s t a r t s  a t  temperatures reached in  the manufactur ing process.

VANILLA

Up to now we d i scu s sed  f ra g r a n t  components from f lowers  and herbs which 

were examples f o r  the u t i l i t y  o f  a headspace a n a l y s i s  in combinat ion with 

a ' c l a s s i c a l '  study of natura l  sub s t ra te s .

The a n a l y s i s  of  v a n i l l a  e x t rac t s  obtained by so lven t  e x t ra c t io n  of the 

beany f r u i t s  o f  v a n i l l a  p i a n i f o l i a  i s  somewhat d i f f i c u l t .  The i d e n t i f i c a ­

t ion  of  trace components r e sp o n s ib le  f o r  the be tte r  performance o f  a true 

‘natural  v a n i l l i n '  in  v a n i l l a  f l a v o u r s  w i l l  be rendered troublesome because 

of  the large  amounts of v a n i l l i n ,  waxes and f a t s  present.  I t  was r e a l l y  

our chance that  the n o n - v o la t i l e s  as well as the e xce s s ive  amounts of va­

n i l l i n ,  cover ing  a l l  o ther  components in  the GLC runs o f  the e x t r a c t s ,  did 

not enter  in to  the headspace sample (10, 11). Thus, the most v o l a t i l e  com­

pounds could r e a d i l y  be enr iched by the headspace sampling technique and 

afterwards analyzed without  being d i s tu rbed  by the main component v a n i l l i n  

(F ig .  11). In the GC-MS experiments we detected such ' l o w - b o i l e r s '  as 

pentanal , 3 - c y c l o c i t r a l , hexan-2-one, heptan-2-one, octan-2-one,  amyl
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F ig .  11. Gas chromatogram of  v a n i l l a  bean headspace. Cond i t ion s :  g l a s s
c a p i l l a r y  column, 50 m x 0 .33  mm, coated with UCON HB 5100;tem- 
perature  program, room temperature (15 min),  50°C (15 min) then 
50-180°C (3°C/min); c a r r i e r  gas,  Helium; i n j e c t i o n ,  0.5 yl on 
cold column.

acetate,  methyl v a le ra te  and others.  U n fo r tunate ly ,  headspace techniques 

do not always o f f e r  the p o s s i b i l i t y  to detect 'h idden peaks '  when the main 

component — in t h i s  case v a n i l l i n  — dominating a l l  GC experiments,  does 

not go at the same rate in to  the vapour phase above the natura l  product.

STRAWBERRY

La s t  but not l e a s t  the f l a v o u r  of  s t raw be r r ie s  i s  worth-mentioning to 

be d i scu s sed  s h o r t l y .  We a l l  know the d e l i c a te ,  appe t iz ing  aroma given o f f  

by f r e s h l y  picked f r u i t s  o f  the va r iou s  F r a g a r ia  spec ie s .  Th i s  f r a g ran t  

mater ia l  i s  in f luenced  by the grade o f  r ipeness  and some day/n ight  cyc le s  

of  the c on s t i t u e n t s .  We searched f o r  a long time to f ind  ways in  which we 

could re la te  the most apprec iated  f l a v o u r  to the chemical composit ion  — 

at the best  po in t  o f  matur i ty  (12).

Observat ion  o f  the headspace composit ion  o f  s t raw be r r ie s  du r ing  fou r  

days led us to the f o l lo w in g :

- some components decrease with the time, l i k e  methyl,  e th y l ,  i sopropy l
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and butyl hexanoates;

- some components inc rease  with  the time , l i k e  e th y l ,  i sobu ty l  and i s o ­

amyl acetates  as well as ethyl  va le ra te  — a l l  s i g n s  o f  the s t a r t  o f  f e r ­

mentation w i th in  the f r u i t s ;

- some components show a d i s t i n c t  maximum, l i k e  p ropy l ,  i s o p ro p y l ,  isoamyl 

and hexyl butanoates;

- some components show a d i s t i n c t  minimum, l i k e  ethyl  bu ty ra te ,  methyl 

i s o va le r a te  and 2-hexenyl  acetate;

- some components show an o s c i l l a t i n g  e f f e c t ,  l i k e  y -nona lactone.

I t  was the tedious  work o f  the f l a v o u r i s t s  to create the strawberry  

f l a v o u r  u s ing  a l l  data coming from t h e i r  a n a ly t i c a l  co l leagues .  When the 

c e l l  membranes o f  the s t raw be r r ie s  are destroyed,  a f t e r  a s h o r t  per iod 

reac t ion s  lead ing  to a completely changed p ic tu re  of the chemical compo­

s i t i o n  are observed. So the composit ion  does not show the co r rec t  balance 

o f  a l l  important e s te r s  g i v i n g  the t yp ic a l  touch o f  a r e a l l y  good s t raw ­

berry  f l a vou r .  Summarizing, the headspace techniques enable us to monitor 

the r ipeness-depend ing  changes in  the composit ion of  the v o l a t i l e s  from 

a s i n g l e  strawberry.
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HANDLING, QUICK OPTIMIZATION AND CHOICE OF COLUMN WALL MATERIAL IN 
CAPILLARY GAS CHROMATOGRAPHY

W. GÜNTHER, F. SCHLEGELMILCH

ABSTRACT

The hand l ing ,  i . e .  i n s t a l l a t i o n  of  g l a s s  c a p i l l a r i e s ,  i s  d i scu ssed.
The m od i f ic a t ion  o f  the underground pretreatments  by s t r a i g h t e n in g  the 
g l a s s  c a p i l l a r i e s  i s  shown by SEM and the in f luence  o f  t h i s  procedure i s  
d i scu s sed .  A very u sefu l  way o f  quick op t im iza t ion  f o r  flame detectors  i s  
g iven. A l so  the f a s t  s e t t i n g  up o f  c a r r i e r  gas v e l o c i t i e s  i s  shown to ­
gether  with  the p o s s i b i l i t y  o f  c a l c u l a t i n g  the v e l o c i t y  and the c a r r i e r  
gas f low. The aims in  the choice  o f  column wall m a te r ia l s  are g iven.  So f t  
g l a s s ,  b o r o s i l i c a t e  g l a s s ,  fused s i l i c a  and quartz  are d i s cu s sed .

The i n s t a l l a t i o n  on ly  o f  g l a s s  and fused s i l i c a  c a p i l l a r i e s  i s  d i scu s sed  

here, because today metal c a p i l l a r i e s  are seldom used. The i n s t a l l a t i o n  of  

fused s i l i c a  c a p i l l a r i e s  normal ly  b r in g s  no problems because o f  t h e i r  good 

f l e x i b i l i t y .  A too narrow bending r a t i o ,  however, should be avoided, be­

cause they can break. A l t e r n a t i v e l y  t h i s  could cause a complete i n t e r r u p ­

t ion  of  the c a p i l l a r y  in s id e ,  the polyimide lacquer,  because of the h igh 

b r i t t l e n e s s  o f  fused s i l i c a .  I t  should be pointed out that  a l s o  in  the 

case o f  s l i t t e d  polyimide or  scratched poly imide there i s  the p o s s i b i l i t y  

of some c a r r i e r  gas d i f f u s i o n .

The connection o f  g l a s s  c a p i l l a r i e s  i s  p r i n c i p a l l y  not very d i f f i c u l t ,  

i f  they are handled c a r e f u l l y .  Ju st  the end pieces must be s t ra igh tened .

The most used column wall  mater ia l  in  Europe by now i s  g l a s s .  Therefore, 

t h i s  procedure w i l l  be g iven in the next f i g u r e s .  For  s t r a i g h t e n in g  the 

g l a s s  c a p i l l a r i e s  normal ly  on ly  a common gas l i g h t e r  i s  necessary.  The 

s t r a i g h t e n in g  o f  b o r o s i l i c a t e  g l a s s ,  however, i s  somewhat more d i f f i c u l t ,  

because the so f ten ing  range of b o r o s i l i c a t e  g l a s s  i s  about 80°C h igher  

than that  o f  s o f t  g l a s s .  The ranges are f o r  s o f t  g l a s s  500-650°C and f o r  

b o r o s i l i c a t e  g l a s s  550-730°C.

These temperatures are the lowest to be used. The s t r a i g h te n in g  o f  the 

g l a s s  c a p i l l a r y  ends i s  to be done as shown in  F i g .  1. As can be seen, the 

c a p i l l a r y  must be held in  the l e f t  hand and heated by a common gas l i g h t e r .

A . Baerheim Svendsen and J.J. C. Scheffer (eds), Essential oils and aromatic plants; IS B N -  (3: 978-94-009-5137-2 

<£) 1985 Martinus N ijhoff/Dr W. Junk Publishers, Dordrechty The Netherlands
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A f te r  having s t ra igh tened  the sagged end as shown in  F ig .  2, the g l a s s  

c a p i l l a r y  i s  turned to a p o s i t i o n  as shown in F ig .  3, whereby a small zone 

of the s t ra igh tened  end undergoes f u r th e r  heat treatment. The co r rec t  tem­

perature i s  reached when the heated zone becomes dark red; then the c a p i l ­

l a r y  i s  to be bent immediately in  the de s i red  d i r e c t i o n  with the second 

f i n g e r  o f  the hand with the gas l i g h t e r .

The h ighe r  the flame temperature, the qu icke r  the s t r a i g h t e n in g  can 

be done and the bette r  the q u a l i t y  of  the s t ra igh tened  g l a s s  c a p i l l a r y  

ends, because the p y r o l y t i c a l  decomposition of  the s t a t i o n a r y  phase runs

F ig .  1. S t a r t i n g  p o s i t i o n  f o r  s t r a i g h t e n in g  g l a s s  c a p i l l a r y  columns

F ig .  2. S t ra ightened  g l a s s  c a p i l ­
l a r y  column end.

F ig .  3. P o s i t i o n  f o r  bending up 
g l a s s  c a p i l l a r y  ends.
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q u a n t i t a t i v e l y  down to carbon d iox ide  and water and s i m i l a r  components, 

the h ighe r  the s t r a i g h t e n i n g  temperature i s .  Sometimes i t  i s  necessary  to 

purge with  Oxygen dur ing  the s t r a i g h t e n in g  procedure. Th is  means that  the 

use o f  e l e c t r i c a l  g l a s s  c a p i l l a r y  s t r a i g h t e n in g  machines i s  not recommend- 

able, e s p e c i a l l y  when the manufacturer po in t s  out that  these machines work 

about 400°C below flame temperatures. I f  the s t r a i g h t e n in g  temperature i s  

too low, there i s  a format ion  o f  soot ,  as shown in F ig .  4.

F ig .  4. Formation o f  soot  in poor ly  s t ra igh tened  g l a s s  c a p i l l a r y  ends.

I t  i s  easy  to see that  g l a s s  c a p i l l a r y  columns with these k inds  of  

s t ra igh tened  ends se t  up problems l i k e  decomposition o f  compounds to be 

analyzed or  ad so rp t ion  e f f e c t s .  On the other hand, well s t ra ightened  

g l a s s  c a p i l l a r y  columns show well  defined c r y s t a l  undergrounds, as demon­

s t r a ted  in F i g .  5.

As can be seen, there i s  a sharp zone o f  well  known NaCl c r y s t a l s  

which are not reached by the high temperature o f  the gas l i g h t e r .  Next to 

i t  i s  a d e n d r i t i c  NaCl formation a r i s i n g  from melted and r e c r y s t a l  1ized 

NaCl c r y s t a l s .  There i s  no formation of  soot ;  t h i s  means that  the s t a t i o n ­

ary l i q u i d  phase was pyro lyzed  q u a n t i t a t i v e l y ,  and there i s  no res idue.

The normal ly  used gas f low in c a p i l l a r y  GC i s  about 0 .3 -3  ml/min i f  

N i t rogen  i s  used. I f  Hydrogen i s  used the f low can be about ten times
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higher.

F ig .  5. Well s t ra igh tened  g l a s s  c a p i l l a r y  with NaCi underground.

The flame detector  g ive s  no optimum r e s u l t s  under these c ond i t io n s .

For t h i s  reason a make-up gas i s  ab so lu te l y  necessary.  A normal flame de­

tec to r  needs 30-50 ml/min. For purg ing the detector  we, the re fo re ,  use a 

normal i n l e t  s p l i t t i n g  system. The s p l i t  l i n e  i s  used f o r  s e t t i n g  up c a r ­

r i e r  gas as make-up gas.  Th is  must be done by a f low c o n t ro l l e r .  The r e ­

s u l t s  o f  g i v i n g  make-up gas to the detector  are g iven  in  F ig .  6.

r

1

optimum make-up gas amount 
base l i n e  a f te r  i g n i t i o n  
base l i n e  before i g n i t i o n

F ig .  6. F ID  response  due to op t im iza t ion  with make-up gas.
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A f t e r  i g n i t i o n  the base l i n e  goes up somewhat. A f t e r  purg ing  with  make­

up gas two maxima w i l l  be seen. The optimum o f  make-up gas i s  pointed out 

j u s t  below po in t  2. More make-up gas w i l l  quench the flame. I t  i s  not 

necessary  to know the exact amount of make-up gas,  because t h i s  depends 

on the flow through the c a p i l l a r y  column. Th is  procedure needs about ten 

seconds.  J u s t  at t h i s  po in t  the F ID  works with l i n e a r  response f a c to r s  and 

g ive s  the h ighe s t  s e n s i t i v i t y .

Another p o s i t i v e  e f f e c t  o f  the make-up system i s  the captur ing  o f  waste 

from the g raph i te  and vespel f e r r u le s  used. Bes ide s ,  there i s  no contami­

nat ion  of  the F ID  by broken c a p i l l a r y  column pieces.

In the case o f  changing the N it rogen  f low, a l o s s  o f  more than 200 000 

theo re t ic a l  p la te s  was observed f o r  compounds such as a lkanes  (pentane - 

decane), benzene, e thano l,  p y r id in e  and n it romethane. With Helium as c a r ­

r i e r  gas the l o s s  o f  theo re t i c a l  p la te s  was l e s s  than 50 000.

The d i f fe re n ce s  can be exp la ined  in  terms o f  the HETP-curves o f  the 

two c a r r i e r  gases.  There i s  no p o s s i b i l i t y  f o r  a qu ick  s e t t i n g  up o f  the 

optimum c a r r i e r  gas f low by u s ing  bubble f low meters. I t  shou ld  be s t r i c t ­

l y  pointed out that  there i s  a b so lu t e l y  no need f o r  measuring gas f lows 

in s tead  of  the l i n e a r  gas v e lo c i t y .  For  the o p t im iza t ion  o f  GC columns i t  

i s  necessary  to know the l i n e a r  v e l o c i t y  in  order to c a l c u la t e  the HETP- 

minimum. In F ig .  7 the r e l a t i o n  between the p ressure  and the l i n e a r  gas 

v e l o c i t y  at  d i f f e r e n t  temperatures i s  shown.

F i g .  7. P re s su re  and l i n e a r  gas v e l o c i t y  a t  d i f f e r e n t  tempera tu re s .
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The average l i n e a r  gas v e l o c i t y  i s  easy  to c a lcu la te  as

u = column length : dead time

I f  one must know the gas flow, the average l i n e a r  gas v e l o c i t y  should be 

m u l t ip l i e d  by n r 2 . I f  u i s  ca lcu la ted  in dependence of  the adjusted  p r e s s ­

ure the r e s u l t s  are s t r a i g h t  l i n e s ,  as shown in  F i g .  8.

F ig .  8. R e la t ion  between adjusted p ressu re  and average l i n e a r  gas v e lo c ­
i t y  at  d i f f e re n t  temperatures.

Because of  the l i n e a r i t y  between average l i n e a r  gas v e lo c i t y ,  c a p i l l a r y  

column diameter, c a p i l l a r y  column length,  pressure  and temperature, there 

i s  a p o s s i b i l i t y  of ob ta in in g  each o f  the shown parameters by s imple c a l ­

c u la t io n .  For  p r a c t i c a l  work e s p e c i a l l y  the c a l c u l a t i o n  o f  the average 

l i n e a r  gas v e l o c i t y  at c e r ta in  temperatures i s  useful  because the average 

l i n e a r  v e l o c i t y  depends on the gas v i s c o s i t y  and decreases by i n c re a s in g  

temperature. By i n j e c t i n g  CH^ at va r iou s  temperatures the r e s u l t i n g  ave r ­

age l i n e a r  gas v e l o c i t y  can be ca lcu la ted  from the dead time measured. 

Measuring o f  gas f lows with bubble gas flow meters i s  normal ly  j u s t  p o s s ­

ib le  at  ambient temperature. However, i f  one measures the gas f low at 

ambient temperature and inc rea se s  the column temperature, the r e s u l t i n g  

gas flow d i f f e r s  completely  to that  being measured at ambient temperature.

As shown in F ig .  9 there i s  a l s o  a p o s s i b i l i t y  to c a l c u la te  the abso­

lu te  gas v e l o c i t y  a t  the c a p i l l a r y  column end.

As shown in Table I i t  i s  d i f f i c u l t  to choose the r i g h t  c a p i l l a r y  

column wall mater ia l .
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F ig .  9. Re la t ion  between gas v e l o c i t y  at  the end o f  the column and p r e s s ­
ure at d i f f e r e n t  temperatures. Fused s i l i c a  c a p i l l a r y  WG-11 column 
(47 m x 0.22 mm i . d . )  c a r r i e r  gas, N itrogen.

Table I .  In f luence  of the c a p i l l a r y  column wall mater ia l  on the Index.
a = deact ivated  by Carbowax 20M; b = deact ivated by p e r s i l y l a -  
t ion ;  c = deact ivated  by s i l y l a t i o n  D4; d = deact ivated  by po ly -  
s i l o xa n e  degradat ion.

WG-11 OV-101

X Y U Z S X Y U Z S

So f t  g l a s s 961 929 914 1159 1207 660 491 579 531 731 a
Pyrex g l a s s 971 923 917 1167 1207 674 427 580 534 741 b
Duran g l a s s 972 931 920 1170 1211 659 438 574 543 727 c
Fused s i l i c a 986 943 912 1169 1206 561 479 580 542 731 d

The Index i s  a l s o  in f luenced  by the pretreatment o f  the c a p i l l a r y  

column wall m ate r ia l .  For  the choice o f  the r i g h t  column wall mater ia l  i t  

should be kept in  mind that:

- below 250°C there i s  no d i f fe rence  in column e f f i c i e n c y  and i n a c t i v i t y  

between the three most used column wall m a te r ia l s :  s o f t  g l a s s ,  boro- 

s i l i c a t e  g l a s s  and fused s i l i c a .  Po la r  phases should  be used on s o f t  

g l a s s ,  not at  l e a s t  f o r  the p r ice .

- p o l y s i 1oxanes as s t a t i o n a r y  phases should  be used ge n e ra l l y  on fused
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s i l i c a  up to 350°C;

- three-d imensional  c r o s s l i n k e d  s t a t i o n a ry  phases should not be used; 

there i s  ha rd ly  a n e ce s s i t y  fo r  these types o f  s t a t i o n a r y  phases,  which 

are chem ica l ly  bonded with the column wall  m ater ia l .  They should on ly  be 

used fo r  fused s i l i c a  and b o r o s i l i c a t e  g l a s s ;

- i f  r e a l l y  high temperature s tab le  s t a t i o n a r y  phases are needed, i t  i s  

necessary  to use b o r o s i l i c a t e  g la s s .

From F ig .  10 the tota l  range o f  the fragmentation o f  the p o l y s i 1oxanes 

can be seen.

F ig .  10. Fragmentation of 0V-1 , three-d imensional  c r o s s l i n k e d  on Pyrex 
g l a s s  at 375°C. Ordinate: r e l a t i v e  i n t e n s i t y  (%).

The need fo r  a chemical bonding with the g l a s s  su rface  i s  easy  to 

recognize  from F ig .  11, in which on ly  two fragments can be seen.

Summarizing i t  can be sta ted  that  there i s  a need fo r  a l l  o f  the three 

column wall m ater ia l s  used today: s o f t  g l a s s ,  b o r o s i l i c a t e  g l a s s  and 

fused s i l i c a .
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F ig .  11. Fragmentat ion  o f  OV-1 , th ree -d im ens iona l  c r o s s l i n k e d  and 
1y bonded to the Pyrex g l a s s  s u r fa ce  at 450°C. O rd inate :  
i n t e n s i t y  (%).

chemi cal - 
r e l a t i  ve
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GAS CHROMATOGRAPHIC CHARACTERIZATION OF FREQUENTLY OCCURRING SESQU I­
TERPENES IN ESSENTIAL O ILS

E. LEMBERKOVICS, G, VERZAR-PETRI

ABSTRACT

R e l a t i v e  r e t e n t i o n  f a c t o r s  r e f e r r e d  to  gu a ia zu le ne  as  s t a n d a rd ,  were 
determined on two s t a t i o n a r y  phases o f  d i f f e r e n t  p o l a r i t y  f o r  the GC 
c h a r a c t e r i z a t i o n  o f  f r e q u e n t l y  o c c u r r i n g  s e sq u i t e r p e n e s  i n  e s s e n t i a l  o i l s .  
The s tanda rd  d e v i a t i o n ,  c a l c u l a t e d  from the r e l a t i v e  r e t e n t i o n  f a c t o r s  o f  
the same s e sq u i t e r p e n e ,  determined in  d i f f e r e n t  o i l s ,  d id  not exceed 
6 x 10“3 .

INTRODUCTION

Seve ra l  s e sq u i t e r p e n e s  (e . g .  c a r y o p h y l l e n e , cad inene ,  f a rne sene ,  

b i s a b o le n e )  are p re sen t  in  many e s s e n t i a l  o i l s  ( 1 ) .  The aim o f  the p re sen t  

s t u d y  was to determine the r e l a t i v e  r e t e n t i o n  f a c t o r s  o f  the se  s e s q u i ­

te rpenes  in  o rd e r  to f a c i l i t a t e  t h e i r  i d e n t i f i c a t i o n  in  e s s e n t i a l  o i l s .

EXPERIMENTAL

The exper imenta l  work was c a r r i e d  out on a gas chromatograph Jeo l  1100 

equipped w ith  F ID  and g l a s s  columns.  Column 1 (3 m x 2.3  mm i . d . )  packed 

w ith  3% 0V-17 on Gas-Chrom Q (100 -120  mesh);  o the r  c o n d i t i o n s :  oven tem­

p e ra tu re ,  60-230°C (8°C/min);  c a r r i e r  ga s ,  N i t r o g e n ,  38 ml/min; i n j e c t o r ,  

200°C; d e te c to r ,  240°C. The e f f i c i e n c y  r e f e r r e d  to l i n a l o o l  was 1825 p l a t e s  

per m at  R e y n o l d ' s  c o n s t a n t s  o f  119, 158, 162, 243 and 202 ( 2 ) .  Column 2 

(3 m x 3 .4  mm i . d . )  packed w i th  1.5% Sp-2250  + 0 .95%  Sp-2401 on Su p e lco -  

po r t  (100 -120  mesh);  o th e r  c o n d i t i o n s  as f o r  column 1. The e f f i c i e n c y  r e ­

f e r r e d  to l i n a l o o l  was 1776 p l a t e s  per m at  R e y n o l d ' s  c o n s t a n t s  o f  129,

189, 238, 330 and 244. The c o n s t a n t s  o f  the mixed phase were c a l c u l a t e d  

from those  o f  pure components ( 2 ) .

The c o n c e n t r a t i o n  o f  the i n v e s t i g a t e d  s o l u t i o n  was 10-20 mg/ml o f  

e s s e n t i a l  o i l  in  c h lo ro fo rm  o r  n-hexane. Samples o f  0 . 1 - 0 . 5  ul were i n ­

j e c ted .  The r e t e n t i o n  t imes  were determined w ith  an accu racy  o f  0.1 s;  

the r e l a t i v e  r e t e n t i o n  f a c t o r s  were determined from 3-5  p a r a l l e l  measure-

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essentia! oils and aromatic plants, IS B N -1 3 :  978-94-009-5137-2 
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merits; the accuracy  o f  the oven temperature was t  1°C. The se squ i te rpenes  

in the e s se n t ia l  o i l s  were i d e n t i f i e d  by MS, GC-MS or  GC-IR. In a few 

cases ( farnesene isomers,  a - b i s a b o l o l )  the compounds were i s o l a t e d  by 

p reparat ive  GC o r  by TLC p r i o r  to the MS o r  IR a n a l y s i s  ( 3 -6 ) .

The ana ly se s  were c a r r ie d  out with  s e sq u i te rp en e - r i c h  Hungarian com­

mercia l  o i l s  (chamomile, yarrow, b a s i l  and wormwood o i l )  and with the 

e s s e n t i a l  o i l  o f  Mexican C annabis  s a t i v a  grown in Hungary.

RESULTS AND DISCUSSION

Since  no pure se squ i te rpenes  were a v a i l a b le  f o r  the determinat ion  o f  

t h e i r  r e ten t ion  f a c t o r s ,  the determinat ion  o f  those f a c to r s  was performed 

on the b a s i s  o f  the data obtained from the se squ i te rpenes  o c c u r r in g  in  

the f i v e  e s s e n t i a l  o i l s  mentioned above. The re ten t ion  f a c to r s  were de te r ­

mined on two s t a t i o n a r y  phases o f  d i f f e r e n t  p o l a r i t y  (see Exper imenta l ) ,  

and gua iazu lene  was used as s tandard.  In o rde r  to improve the r e p ro d u c ib i1- 

i t y ,  a l s o  the re ten t ion  f a c t o r s  o f  an adequate ly  chosen n -a lkane  s e r i e s  

(pentadecane - e icosane )  were c a l ib r a te d  a g a in s t  gua iazu lene.  The s t a n ­

dard d ev ia t ion  o f  the re ten t ion  f a c to r s  was determined f o r  those  s e s q u i ­

terpenes which occurred in  more than two e s s e n t i a l  o i l s ;  i t  d id not ex­

ceed 6 x ICT^.

The c h a r a c t e r i s t i c  e lu t i o n  sequence o f  the se squ i te rpenes  was de te r ­

mined by means o f  the re ten t ion  parameters on the s t a t i o n a r y  phases:  in 

the range 160-180°C the sesqu ite rpene  hyd roca rbons , except the azu lenes,  

were e lu ted ,  in  the range 180-210°C the oxygen -con ta in ing  se squ i te rpenes  

and in the range 210-230°C the gua iane-type  o f  se squ i te rpenes .  A be t te r  

sepa ra t ion  o f  some se squ i te rpenes  was obtained on the mixed s t a t i o n a r y  

phase.

The f o l lo w in g  se squ i te rpenes  i d e n t i f i e d  in  our experiments,  were not 

mentioned in  prev ious  p u b l i c a t io n s  (6 -20 ) :  a -fa rnesene  in Hungarian 

chamomile and cannabis  o i l ,  a - b i s a b o l o l  i n  b a s i l  and wormwood o i l ,  a-  

humulene, y c a d i n e n e ,  y-rnuurolene and ca ryophy l leno l  I in  yarrow o i l .

The study  o f  the re ten t ion  parameters o f  the d i f f e r e n t  o i l s  on two 

s t a t i o n a r y  phases provided in fo rm at ion s  about the s t r u c tu re  o f  non - ident -  

i f i e d  components as w e l l .  Only when the r e l a t i v e  re ten t ion  f a c to r s  o f  the 

sesqu i te rpene  peaks on both s t a t i o n a r y  phases are the same, the compounds 

may be i d e n t i c a l .  I f  the re ten t ion  f a c t o r s  d i f f e r  on one o f  the phases, 

they are c e r t a i n l y  not.
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CONCLUSIONS

R e l a t i v e  r e t e n t i o n  f a c t o r s  o f  s e sq u i t e r p e n e s ,  determined in  the same 

way a s  those  o f  monoterpenes ( 2 ) ,  f a c i l i t a t e  the q u a l i t a t i v e  a n a l y s i s  

o f  s e sq u i t e r p e n e s  in  e s s e n t i a l  o i l s .
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PROGRESS IN ISOLATION TECHNIQUES FOR ESSENTIAL O IL  CONSTITUENTS

K.-H .  KUBECZKA

ABSTRACT

The p rocedure s  most f r e q u e n t l y  a p p l i e d  to  i s o l a t e  the c o n s t i t u e n t s  o f  
e s s e n t i a l  o i l s  have been f r a c t i o n a l  d i s t i l l a t i o n  and chemical methods 
such as fo rm a t ion  o f  decomposable d e r i v a t i v e s .  The major  l i m i t a t i o n s  o f  
both t e ch n iq u e s  a re  t h a t  pure compounds are  r e l a t i v e l y  se ldom ob ta in ed  
and t h a t  i s o m e r i z a t i o n  and decom pos i t ion  o c c a s i o n a l l y  take p la ce .

A s u b s t a n t i a l  improvement was the i n t r o d u c t i o n  o f  ch rom atog raph ic  
methods f o r  e s s e n t i a l  o i l  a n a l y s i s .  Among the se  methods, which in  the 
idea l  case  a l l o w  a s e p a r a t i o n  o f  i n d i v i d u a l  components,  a re  f i r s t  o f  a l l  
t h i n  l a y e r  chromatography and p r e p a r a t i v e  gas  ch rom atog raphy . R e c e n t l y ,  
a l s o  h igh  performance l i q u i d  chromatography has been shown to be we l l  
s u i t e d  f o r  the s e p a r a t i o n  o f  e s s e n t i a l  o i l  components and sometimes i t  
shows s i g n i f i c a n t  advantage s  o v e r  TLC and GLC. S i n c e  the a n a l y s i s  gen­
e r a l l y  i s  performed w i t h o u t  e x p o s i t i o n  to  a i r ,  as i n  the case  o f  TLC, and 
at  ambient tem pera tu re ,  the d e s t r u c t i v e  tem pera tu re s  needed i n  GLC are 
avo ided  and d e g ra d a t io n  p roduc t s  are not  encountered.

In  a d d i t i o n  to HPLC the r e l a t i v e l y  newly deve loped DCCC and RLCC can 
be used f o r  s e p a r a t i n g  e s s e n t i a l  o i l s  i n t o  f r a c t i o n s  o r  in  the id ea l  case  
i n t o  i n d i v i d u a l  pure compounds. These methods,  based on the p a r t i t i o n  o f  
o i l  c o n s t i t u e n t s  i n  a b i p h a s i c  sy stem, a l l o w  above a l l  the enr ichment  o f  
m inor  c o n s t i t u e n t s ,  s i n c e  r e l a t i v e l y  l a r g e  samples  can be sepa ra ted  in  one 
a n a l y t i c a l  run.  Comparing RLCC and DCCC one can p a r t i c u l a r l y  s t r e s s  the 
s u p e r i o r  f l e x i b i l i t y  o f  RLCC because  no d r o p l e t  fo rm a t ion  i s  needed and 
c o n se q u en t ly  s o l v e n t  system in  RLCC may be f r e e l y  chosen.

A l l  methods mentioned have t h e i r  advantages  and d i s a d v a n ta ge s  and o f ten  
o n l y  a s k i l f u l  com binat ion  o f  v a r i o u s  methods lead  to  the r e s u l t s  wanted.

INTRODUCTION

E s s e n t i a l  o i l s  are  u s u a l l y  c h e m ic a l l y  complex m ix t u r e s .  On ly  few groups  

o f  n a t u r a l l y  o c c u r r i n g  p roduc t s  c o n t a in  as many compounds as e s s e n t i a l  

o i l s  and a number o f  at tempts  have been made to op t im ize  t h e i r  a n a l y s i s .

By means o f  modern a n a l y t i c a l  t e ch n iq u e s  i t  has been p o s s i b l e  to  i d e n t i f y  

o v e r  100 d i f f e r e n t  components o f  an e s s e n t i a l  o i l ,  m a in ly  t e rp e n e s ,  ph en y l -  

propane d e r i v a t i v e s  and a l i p h a t i c  compounds. M o s t  o i l s  c o n t a in  one o r  a 

coup le  o f  main components,  but a l s o  m inor  components may be im po r tan t .  

Because  o f  the l a r g e  v a r i a t i o n s  in  the amounts o f  the v a r i o u s  components,  

a d d i t i o n a l  problems may a r i s e  in  the s e p a r a t i o n .  R e l a t i v e l y  l a r g e  amounts

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, I S B N - 13: 978-94-009-5137-2  
©  1985 Martinus N ijhoff/D r W. Junk Publishers, Dordrecht, The Netherlands
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of  the sample have to be used in  o rder  to i s o l a t e  t race  components. Under 

such c ircumstances i t  i s  u s u a l l y  d i f f i c u l t ,  i f  not im po s s ib le ,  to i s o l a t e  

minor c o n s t i t u e n t s  by a s i n g l e  sepa ra t ion  procedure, and o ften  on ly  a 

s k i l f u l  combination o f  va r iou s  sepa ra t ion  techn iques  w i l l  lead to the 

an t i c ip a te d  r e s u l t s .

In  t h i s  paper the i s o l a t i o n  o f  e s s e n t i a l  o i l  c o n s t i t u e n t s  in  the m i l l i ­

gram-gram range i s  d i s c u s sed ,  amounts which are s u f f i c i e n t  f o r  s t r u c tu re  

e lu c id a t i o n .  For  "*H-NMR, ^C -NMR,  IR and MS a n a l y s i s  about 10-20 mg o f  a 

pure compound are needed, fo r  the determinat ion  o f  the mo lecu lar  formula 

by elementary a n a l y s i s  a d d i t i o n a l l y  5 mg. In o rde r  to prepare chemical 

d e r i v a t i v e s  or  to i n v e s t i g a t e  the chemical r e a c t i v i t y  o f  a compound, aga in  

10-100 mg are necessary .  I t  i s  u s u a l l y  s t i l l  p o s s i b l e  to separate  such 

amounts by means o f  ' u p - s c a l e d '  a n a l y t i c a l  methods. However, such a p ro ­

cedure may be both t ime-consuming and l a b o r io u s .

The procedures which were most ly  used du r ing  the l a s t  century  f o r  the 

i s o l a t i o n  o f  e s s e n t i a l  c o n s t i t u e n t s  were f r a c t i o n a l  d i s t i l l a t i o n  and 

chemical methods. By formation o f  v a r iou s  decomposible and water s o lu b le  

d e r i v a t i v e s ,  dependent upon the f un c t io n a l  g roups,  a p repa ra t ive  se p a ra ­

t io n  o f  an e s s e n t i a l  o i l  in to  severa l  f r a c t i o n s  was achieved ( F i g .  1).

F ig .  1. Sepa ra t ion  o f  an e s s e n t i a l  o i l  i n t o  d i f f e r e n t  groups o f  components 

E s s e n t i a l  o i l

Aqueous sodium carbonate  (5%) ----------------------> ac id s

Aqueous sodium hydrox ide (5%) ----------------------> phenols

Methano l ic  sodium hydrox ide (0.5  N ) -------------t e s t e r s ,  lac tones
I

Sodium hydrogen s u l p h i t e  o r  G i ra rd  reagent—> a ld e h yd e s , ketones
I

P h th a l i c  anhydr ide  -----------------------------------------> pr im./sec.  a l c o h o l s
I

Residue _____________ -__________________________^ t e r t *  a l c o h o l s ,
e th e r s ,  hydrocarbons 
e t c .

A c id s ,  phenols  as wel l  as the r e l a t i v e l y  seldom o c c u r r in g  bases may be 

well  separated by formation o f  water s o lu b le  s a l t s .  E s t e r s  and lactones  

can be hydro lyzed  and the r e s u l t i n g  a c id s  separated as s a l t s .  Carbonyl com 

pounds can be i s o l a t e d  a f t e r  reac t ion  with  sodium hydrogen s u lp h i t e  o r  

G i ra rd  reagent,  pr imary  and secondary a l c o h o l s  as p h t h a l i c  ac id  e s t e r s .
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The f i n a l  s e p a r a t i o n  o f  the rema in ing  m ix tu re ,  c o n s i s t i n g  o f  t e r t i a r y  

a l c o h o l s ,  e t h e r s  and h y d r o c a rb o n s , as we l l  as t h a t  o f  the f r a c t i o n s  ob­

ta in e d ,  must be accom p l i shed  by p h y s i c a l  methods,  such as f r a c t i o n a l  d i s ­

t i l l a t i o n ,  o r  on the b a s i s  o f  d i f f e r e n t  s o l u b i l i t y .  Otto  Wal lach re co g ­

n ized  tha t  n a tu ra l  terpene  m ix tu re s  cannot be s u f f i c i e n t l y  separa ted  by 

f r a c t i o n a l  d i s t i l l a t i o n  due to the s i m i l a r i t y  o f  t h e i r  b o i l i n g  p o i n t s ,  and 

he in t roduced  the fo rm at ion  o f  c r y s t a l l i n e  d e r i v a t i v e s  as s e p a ra t i o n  and 

p u r i f i c a t i o n  method.

FRACTIONAL D IST ILLAT ION

A l though  i t  i s  o n l y  seldom p o s s i b l e  to ob ta in  c h e m ic a l l y  pure components 

from e s s e n t i a l  o i l s  by f r a c t i o n a l  d i s t i l l a t i o n ,  t h i s  method c o n t inu e s  to 

p la y  an im portant  r o l e  in  the p r e p a r a t i v e  i s o l a t i o n  o f  e s s e n t i a l  o i l  con­

s t i t u e n t s .  With the development o f  e f f i c i e n t  column t y p e s ,  i t  became p o s s ­

i b l e  to f r a c t i o n a t e  m i l l i l i t e r  amounts o f  e s s e n t i a l  o i l s  under m i ld  con­

d i t i o n s .  The v a r i o u s  c o n s t i t u e n t s  o f  the f r a c t i o n s  c o l l e c t e d  may s u b se ­

q u e n t l y  be sepa ra ted  by u s i n g  such a column.

F i g .  2.

C r o s s - s e c t i o n  o f  a ' F i s c h e r  
S p a l t r o h r 1 column ( r e p r o ­
duced w ith  the pe rm is s ion  
o f  F i s c h e r  Labo r -  u. Ve r -  
f a h re n s te c h n i  k , Meckenheim, 
FRG) :
1. d i s t i l l a t i o n  f l a s k ;
2. ' S p a l t r o h r 1 column;
3. s t i l l  head;
4. needle  v a l v e ;
5. r e f l u x  condenser ;
6. d i s t i l l a t e  r e c e i v e r ;
7. sam pl ing  p o r t  f o r  t a k in g  

out samples under reduced 
p re s s u re  ;

8. j a c k e t  f o r  c o o l i n g  o r  
h ea t in g  the d i s t i l l a t e .

1
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By means o f  a s o - c a l l e d  ' S p a l t r o h r ' -column (F i g .  2 ) ,  which has i t s  

name from the small space between two concentr ic  g l a s s  tubes,  amounts of 

0.1 ml upto a few m i l l i l i t e r s  may be d i s t i l l e d  at a p ressu re  below 1 mbar, 

thus a l low ing  the d i s t i l l a t i o n  o f  the rm a l ly  unstab le  components. With t h i s  

column up to 100 th e o re t ic a l  p la te s  may be achieved (1 ) .

The sepa ra t ion  o f  c i t r o n e l l y l  acetate and geranyl  acetate with  b o i l i n g  

po in t s  o f  73.5°C and 77.0°C, r e s p e c t i v e l y , at approx imately  1 mbar c l e a r l y  

demonstrates the e f f i c i e n c y  o f  the device ( F ig .  3).

%  of charge ----------►
1 2  3 U 5 6 7 8 9  10 11 1213 U  15 16 17 181920

fraction re ce ive rs --------- ►

F ig .  3. Separa t ion  o f  c i t r o n e l l y l  acetate  and geranyl  acetate  by means of  
a ' S p a l t r o h r '  d i s t i l l a t i o n  column (reproduced with the pe rm is s ion  
o f  F i s c h e r  Labor-  u. V e r fa h re n s t e c h n ik , Meckenheim, FRG).

The major l im i t a t i o n  o f  f r a c t i o n a l  d i s t i l l a t i o n  i s  tha t  pure compounds 

r e l a t i v e l y  seldom are obtained from e s s e n t i a l  o i l s  and that  i som er iza t ion  

and decomposition o f  l a b i l e  components o c c a s i o n a l l y  take p la c e .
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L IQUID  COLUMN CHROMATOGRAPHY

The most common method o f  f r a c t i o n a t i o n  o f  e s s e n t i a l  o i l s  i s  the s e p a r ­

a t io n  o f  t h e i r  hydrocarbons  and o x y g e n - c o n ta in in g  components a c c o rd in g  to 

K i r c h n e r  and M i l l e r  ( 2 ) .  The hydrocarbons  are separa ted  on s i l i c a  gel by 

e l u t i o n  w ith  pentane o r  hexane. However, se ve ra l  au tho r s  have found r e ­

arrangements  o f  some terpene  hydrocarbons  du r in g  the ch romatography. Ac ­

t i v e  s i t e s  on d r i e d  s i l i c a  gel and im p u r i t i e s  o f  meta ls  have been found 

to be r e s p o n s ib l e  f o r  a s e r i e s  o f  i s o m e r i z a t i o n s  o f  a number o f  o i l  con­

s t i t u e n t s .  By u s i n g  pure s i l i c a  gel  and d e a c t i v a t i o n  o f  i t  by add ing  5-7% 

o f  water  (3 ,  4) i s o m e r i z a t i o n  p roce s se s  cou ld  be avo ided.  A f t e r  d e so rp t ion  

o f  the non p o l a r  components from the column, the o x y g e n -c o n ta in in g  con­

s t i t u e n t s  can be e lu ted  in  o rde r  o f  i n c r e a s i n g  p o l a r i t y  by a p p l y i n g  a 

g r a d ie n t  e l u t i o n  w ith  s o l v e n t s  such as d ie t h y l  e th e r ,  e thy l  ace ta te ,  c h l o r ­

in a ted  hydrocarbons  and methanol in  pentane o r  hexane, y i e l d i n g  a number 

o f  f r a c t i o n s ,  and p o s s i b l y  some pure components. S i m i l a r  r e s u l t s  were ob­

ta in e d  by o the r  i n v e s t i g a t o r s  u s in g  a lum ina,  but s i l i c a  gel  i s  the most 

s u i t a b l e  s o rb e n t  f o r  e s s e n t i a l  o i l s  ( 5 - 7 ) .

An e f f i c i e n t  f r a c t i o n a t i o n  in  terms o f  speed and s i m p l i c i t y  has been 

developed ( 4 ) ,  u s in g  s i l i c a  gel dry-co lumn chromatography. The procedure 

which has proved u se fu l  f o r  p r e f r a c t i o n a t i o n  o f  an e s s e n t i a l  o i l ,  ensures  

to a h igh  degree the avo idence  o f  a r t i f a c t  fo rm at ion  and a l l o w s  a p r e l i m i ­

nary  s e p a ra t io n  i n t o  f i v e  f r a c t i o n s  o f  d i f f e r e n t  p o l a r i t y .  Two s l i g h t l y  

p o l a r  f r a c t i o n s  are ob ta ined  by e l u t i o n  w ith  pentane and benzene. I n s te a d  

of  benzene we p r e f e r  now the non t o x i c  i s o p ro p y l  c h l o r i d e ,  which has s i m i ­

l a r  p o l a r i t y  and lower b o i l i n g  p o in t .

The p o l a r  f r a c t i o n s  o f  the m ix ture  are ob ta ined  by c u t t i n g  the column 

i n t o  th ree  p a r t s  and e l u t i n g  w i th  d i e t h y l  e ther-methanol  8 :2  ( v / v ) .  By 

means o f  s t a n d a rd i z e d  s i l i c a  gel f o r  dry-co lumn chromatography w i th  an ad­

j u s t e d  water  conten t  o f  7%, an a d d i t i o n a l  d e a c t i v a t i o n  o f  the so rbent  i s  

not n e ce s sa r y .  F r a c t i o n  1 c o n t a in s  the non p o l a r  compounds ( hydrocarbons)  

and f r a c t i o n  2 the s l i g h t l y  p o l a r  compounds, such as e s t e r s  o f  monocar- 

b o x y l i c  a c id s  o f  medium c h a i n - l e n g t h .  Compounds found in  f r a c t i o n  3 are 

among o the r s  a ce ta te s  o f  terpenes  and a l i p h a t i c  a l c o h o l s .  F r a c t i o n  4 con­

t a i n s  a ldehydes  and ketones and f r a c t i o n  5 the most p o l a r  compounds, such 

as a l c o h o l s .

A f u r t h e r  s e p a ra t i o n  o f  the f r a c t i o n s  c o l l e c t e d  by LC can be ach ieved  

by a p p l y i n g  o the r  ch romatograph ic  methods. The non p o l a r  f r a c t i o n ,  ma in ly
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c o n s i s t i n g  o f  monoterpene and sesqu ite rpene  hydrocarbons, y i e l d s  a f te r  

f r a c t io n a l  d i s t i l l a t i o n  uniform CIO and C15 f r a c t i o n s ,  which can be sub­

jected  to LC over s i l i c a  gel impregnated w ith  s i l v e r  n i t r a te .

In stead  of  s i l i c a  ge l ,  a macroporous ion exchanger (Lewat it  SP 1080, 

Merck) in  Ag+ form i s  recommended f o r  the separat ion  o f  unsaturated com­

pounds (8 ) .  The advantage o f  such a technique seems to be that  on ly  ir-com- 

plexes o f  the s i l v e r  ions are formed with  o l e f i n  bonds without  f u r th e r  ad­

so rp t ion  phenomena. S ince  the terpene hydrocarbons are e f f i c i e n t l y  separ ­

ated accord ing  to the charac te r  and number o f  the double bonds, s p e c i f i c  

sepa ra t ion s  may be obta ined. Sometimes, however, i s om er iz a t ion s  of proton 

s e n s i t i v e  terpenes have been observed, e .g.  i som er iza t ion  of  cubebene to 

a diene hydrocarbon (9) caused by the a c i d i c  react ion  o f  decomposed s i l v e r  

n i t r a te .

We have, the re fo re ,  i n ve s t i g a te d  a l t e r n a t i v e  procedures and have found 

dry-column chromatography on s i l i c a  gel with n-pentane well  s u i ted  fo r  the

S and M = s e sq u i -  and monoterpene hydrocarbons : 1 = oc-copaene; 2 = 
6-elemene; 3 = (3-elemene; 4 = (J-caryophyl 1 ene ; 5 = p -b i sabo lene ;
6=  a-humulene; 7 = a-p inene;  8 = l imonene.



113

s e p a ra t io n  o f  terpene  h y d r o c a rb o n s , i f  i t  was c a r r i e d  out at  low tempera­

tu re s  (10 ) .  U s ing  a 50 cm x 40 mm column packed w ith  225 g s i l i c a  ge l ,  

c o r re sp o n d in g  to 36 cm h e i g h t ,  a f a i r l y  good s e p a ra t io n  o f  6 ml terpene 

hydrocarbons  cou ld  be ach ieved  w ith  320 ml n -pentane at -18°C (11 ) .  F i g .

4 shows a low temperature TLC a n a l y s i s  o f  the v a r io u s  f r a c t i o n s  obta ined  

a f t e r  c u t t i n g  the column in to  12 p a r t s ,  each o f  3 cm, and e l u t i n g  w i th  

n-pentane a f t e r  a d d i t i o n  o f  some water.

P a r t i t i o n  chromatography has a l s o  been a p p l ie d  in a few case s  f o r  the 

s e p a ra t io n  o f  te rpenes  o r  terpene f r a c t i o n s ,  but due to  the un s tab le  

c o a t in g  o f  the suppor t  w i th  s t a t i o n a r y  l i q u i d s ,  the method has not been 

used o f ten .  The use o f  c h em ica l l y  bonded phases ,  known as ' re ve rsed  

p h a se s '  in  p a r t i t i o n  ch rom atography , i s  becoming i n c r e a s i n g l y  important  

in  the s e p a ra t io n  o f  e s s e n t i a l  o i l  c o n s t i t u e n t s  by HPLC, as w i l l  be d i s ­

cu ssed  l a t e r .

An example o f  a s e p a ra t io n  o f  se sq u i t e rp en e  a l c o h o l s  from the e s s e n t i a l  

o i l  o f  an A r t e m i  s i  a s p e c ie s  by u s in g  d i f f e r e n t  types  o f  columns in  s e r i e s ,  

i s  g iven  by Jo rk  and J u e l l  ( 1 2 ) .

CHROMA TOGRAPHY

F i g .  5. Se p a ra t io n  o f  s e sq u i t e rp en e  a l c o h o l s  from an A r t e m i s i a  o i l  by 
u s in g  d i f f e r e n t  types  o f  columns in  s e r i e s  (12 ) .
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A f t e r  adsorpt ion  chromatography of  the to ta l  e s s e n t i a l  o i l  (F ig .  5) 

the a lcohol  f r a c t io n  was subjected to p a r t i t i o n  chromatography. F i n a l l y  

the se squ ite rpene  a lcohol  f r a c t io n  was separated in to  i n d i v id u a l  compounds 

by complexation chromatography, u s ing  s i l v e r  n i t r a t e  impregnated s i l i c a  

g e l .

THIN-LAYER CHROMATOGRAPHY

Due to i t s  s i m p l i c i t y  and speed TLC i s  a long with  GC s t i l l  one o f  the 

most important methods in the a n a l y s i s  o f  e s se n t i a l  o i l s ,  as can be seen 

from a number o f  papers (13, 14). Because o f  the speed o f  t h i s  f a i r l y

t(m in ) 24 18 12 6
F ig .  6. TLC op t im iza t ion  of the mobile phase f o r  p repa ra t ive  LC separa ­

t ion  o f  D ic ta m n u s  a ib u s  f r u i t  o i l  c on s t i t u e n t s .  1 = methyl cinnam- 
ate, 2 = n e r a l , 3 = ge ra n ia l .
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cheap method, a s u i t a b l e  s o l v e n t  system may be found f o r  column chromato­

g r a p h ic  s e p a r a t i o n s  by a few TLC run s .  T he re fo re ,  TLC i s  o f ten  used as a 

p i l o t  techn ique  f o r  LC s e p a r a t i o n s  o f  e s s e n t i a l  o i l s  (15,  16).  F i g .  6 

shows a t h i n - l a y e r  ch romatograph ic  o p t im i z a t i o n  o f  the mobi le  phase f o r  a 

p r e p a r a t i v e  LC s e p a ra t i o n  o f  o x y g e n - c o n ta in in g  terpenes  from the f r u i t  

o i l  o f  D ic ta m n u s  a i b u s . In  o rde r  to ob ta in  a good LC s e p a ra t i o n ,  the mo­

b i l e  phase has to be ad ju s ted  by TLC to g i v e  R e v a l u e s  between 0.35 and 

0 .65 .

In  a s l i g h t l y  m od i f ied  form TLC can a l s o  be used f o r  p re p a ra t i v e  s e p a r ­

a t i o n s ,  By means o f  p l a t e s  up to 1 m long  and a l a y e r  t h i c k n e s s  up to 2 mm 

se ve ra l  grams o f  a m ix tu re  o f  compounds can be ap p l i e d  as a l i n e .  To ob­

t a in  good r e s o l u t i o n  o f  narrow bands,  r e p e t i t i v e  development i s  recom­

mended (17, 18 ) .  Because o f  the sh a rp e r  s e p a r a t i o n s ,  p r e p a r a t i v e  TLC i s  

o f ten  p re fe r r e d  to conven t iona l  LC. The v a r i o u s  bands are sc raped  o f f ,  

c o l l e c t e d  and the components e lu ted  w ith  a p p ro p r ia t e  s o l v e n t s .  S in ce  the 

su r f a ce  o f  the l a y e r  i s  no rm a l ly  exposed to a i r  d u r in g  the e va p o ra t ion  o f  

the s o l v e n t ,  v o l a t i l e  components such as monoterpene hydrocarbons  can be 

l o s t  a t  a s i g n i f i c a n t  r a te ,  and oxygen s e n s i t i v e  compounds can be decom­

posed.

GAS CHROMATOGRAPHY

Along w i th  LC, GC has become one o f  the most important  t o o l s  in  the 

a n a l y s i s  o f  e s s e n t i a l  o i l s  and i t  p la y s  today a c en t ra l  r o le  in  the s tudy  

o f  v o l a t i l e s .  In  GC the sample must be g a s i f i e d ,  but  v o l a t i l i t y  i s  j u s t  a 

c h a r a c t e r i s t i c  f o r  e s s e n t i a l  o i l s .  I t  i s  t h e re fo r e  not s u r p r i s i n g  t h a t  

o n ly  a few yea r s  a f t e r  the i n t r o d u c t i o n  o f  GC, exper iments  on p r e p a r a t i v e  

s e p a r a t i o n s  o f  e s s e n t i a l  o i l s  were conducted. S in ce  w i th  an a n a l y t i c a l  

packed column o n l y  small  amounts can be ana lyzed,  the most obv iou s  way to 

i n c re a se  the c a p a c i t y  o f  a column i s  to  i n c re a se  the d iameter.  T h i s  a l low s  

the sample s i z e  to be in c re a se d  as the square  o f  the column r a d i u s .  An­

o the r  p o s s i b i l i t y  i s  to  operate  under over loaded  c o n d i t i o n s ,  but t h i s  re ­

q u i r e s  we l l  r e s o l v e d  peaks and makes i t  d i f f i c u l t  to sepa ra te  m ix tu re s  o f  

components w i th  c l o s e  r e t e n t i o n  t imes.  T he re fo re ,  r e p e t i t i v e  i n j e c t i o n s  o f  

s m a l l e r  samples under optimum c o n d i t i o n s ,  u s in g  e f f i c i e n t  columns w i th  i n ­

t e rn a l  d iam eters  o f  6 -8  mm prove to  be the best  s o l u t i o n .  But o f  three 

d e s i r a b l e  p r o p e r t i e s  o n ly  two can be r e a l i z e d  at  the expence o f  the t h i r d  

one when u s in g  long ,  smal l  d iameter  columns, as po in ted  out by D imick  (19)
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"Good r e so lu t io n  and reasonable speed c a l l  f o r  small samples.  Large 

samples, well  re so lved ,  requ i re  long separa t ion  times. Rapid separa t ion  

of la rge  sample excludes high r e s o l u t i o n ' .

A se r i o u s  problem in p repa ra t ive  GC o f  e s se n t ia l  o i l s  i s  encountered 

because o f  the formation of  a e ro so l s .  D i f f e r e n t  types o f  c o l l e c t o r  b o t t le s  

or g l a s s  tub in g s ,  con ta in ing  g l a s s  wool have, the re fo re ,  been descr ibed 

f o r  the c o l l e c t i o n  o f  ae ro so l s .  Aerosol  formation can, however, be avoided 

r i g h t  from the beg inn ing,  i f  an appropr ia te  coo l in g  temperature i s  chosen. 

The best  r e s u l t s  were obtained by app ly ing  a f l a t  temperature g rad ien t ,  as 

proposed by Armitage (20).

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

HPLC has re cen t ly  been shown to be well  su i ted  fo r  p reparat ive  sepa ra ­

t ion  of  e s s e n t i a l  o i l s  (21).  Sometimes i t  shows s i g n i f i c a n t  advantages 

over TLC and GC. S ince  the a n a l y s i s  i s  g e n e ra l l y  performed without expo­

s i t i o n  to a i r ,  as in TLC, and at ambient temperature and not a t  r e l a t i v e ­

ly  high temperatures, as in  GC, degradation  products  are not encountered.

The use of  HPLC f o r  the separa t ion  o f  e s s e n t i a l  o i l s  has a l ready  been 

t r i e d  s p o r a d i c a l l y , but probably  the good separa t ion  obtained by GC in 

t h i s  f i e l d  has delayed the a p p l i c a t io n  o f  HPLC. Another important re ­

s t r i c t i n g  f a c to r  i s  the commercia l ly a v a i l a b le  HPLC detectors .  Many e s ­

se n t ia l  o i l  components cannot be analyzed by HPLC with UV detect ion  at 

254 nm because o f  lack of  chromophoric groups.  Therefore,  HPLC was not 

cons idered usefu l  f o r  the a n a l y s i s  of  e s se n t i a l  o i l s ,  but ra the r  fo r  

q u a l i t y  contro l  o f  mixtures  o f  compounds, hav ing good chromophoric groups.  

In such cases HPLC g ive s  r e s u l t s  qu ite  q u i c k l y  and, because o f  the s e l e c ­

t i v i t y  of  the UV detector ,  a much s im p le r  chromatogram i s  obtained than 

with GC. In a d d i t io n ,  HPLC enables in con t ra s t  to GC, sepa ra t ion  o f  non 

v o l a t i l e  compounds. An important advantage o f  HPLC i s  a l s o  the sample re ­

covery.  The advantages mentioned prompted us to in v e s t i g a t e  the a p p l i c ­

a b i l i t y  o f  HPLC f o r  p reparat ive  separa t ion  o f  e s s e n t i a l  o i l s ,  e s p e c i a l l y  

the mono- and se squ i te rpenes .

Because o f  lack of  chromophoric groups in  most of  these compounds, de­

tec t ion  by means o f  r e f r a c t i v e  index (R I )  o r  low UV mon itor ing  i s  necess ­

ary. S ince  RI detect ion  goes to the account o f  s e n s i t i v i t y ,  we preferred  

low UV detect ion .  As demonstrated e a r l i e r ,  a l l  c on s t i tuen t s  o f  a mixture 

of  n a tu ra l ,  v o l a t i l e  terpenes can be detected by t h e i r  UV absorbance from
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200 to 220 nm (23,  24 ) .  T h i s  l i m i t s ,  however, the a p p l i c a t i o n  o f  severa l  

s o l v e n t s  and i t  r e q u i re s  mobi le  phases which do not e x h i b i t  too h igh  back­

ground a b so rp t io n  at  these  wave lengths .

Another  problem in  HPLC a n a l y s i s  o f  e s s e n t i a l  o i l s  was the r e s t r i c t e d  

c a p a c i t y  and the r e l a t i v e l y  small  range o f  k ' - v a l u e s  o f  a LC system.

Therefo re ,  an e f f e c t i v e  sepa ra ta ion  of

multicomponent m ixture s  in  one ope ra t ion  
9

was d i f f i c u l t .  A p r e l im in a r y  LC f r a c t i o n a ­

t i o n  was, t h e re fo r e ,  nece s sa ry .  Severa l  

l e s s  complex f r a c t i o n s  were c o l l e c t e d ,  

which sub sequent ly  cou ld  be separated  

in to  t h e i r  components.

The se p a ra t io n  o f  complex m ix tu re s  o f  

d i f f e r e n t  c l a s s e s  o f  compounds, such as 

h yd ro ca rb on s , e s t e r s ,  ketones,  a ldehydes 

and a l c o h o l s ,  i s  u s u a l l y  ach ieved  by LC 

u s in g  s i l i c a  gel and s o l v e n t s  o f  i n c r e a s ­

ing  p o l a r i t y .  The technique  f a i l s ,  how­

ever,  in  the se p a ra t io n  o f  the mono- and 

se squ i te rpene  hydrocarbons  in  separate  

f r a c t i o n s .  Thus, in  tha t  case, an a d d i ­

t i o n a l  se p a ra t io n  i s  u s u a l l y  necessa ry .

In the i n v e s t i g a t i o n s  de sc r ibed  here (24) 

we found tha t  a mixture  o f  o x yg en -c o n ta in ­

ing  te rpenes ,  as wel l  as mono- and s e s q u i ­

terpene hydrocarbons  cou ld  be f r a c t i o n a t e d  

s a t i s f a c t o r i l y  in  12 min on an o c ta d e cy l -

F i g .  7. HPLC f r a c t i o n a t i o n  o f  an e s s e n ­
t i a l  o i l  at  a f low  ra te  o f  8 ml/ 
min.
C o n d i t i o n s :  column, 24 cm x 10 
mm i . d . ,  L iCh rop rep  RP 18 (40 
yin); mobi le  phases,  A) methanol- 
water 8 2 .5 : 1 7 .5  ( v / v ) ,  B, meth­
ano l ;  f low r a te ,  8 ml/min; de­
te c t o r ,  UV 220 nm.
1 = o x y g e n -c o n ta in in g  compounds,
2 = monoterpene h yd ro ca rb on s ,
3 = s e squ i te rpene  h yd ro ca rb on s .

>
so lven t  A so lve n t  B
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s i lane-bonded  s i l i c a  phase (L iChroprep RP 18, 40 ym p a r t i c l e s ) .  The HPLC 

system was operated on a sem i-p reparat ive  sca le  with a r e so lu t io n  which 

was much bette r  than the p re f ra c t io n a t io n  on an o rd in a ry  s i l i c a  gel column. 

With a mobile phase o f  methanol and water, which a l lows low UV m on ito r ing ,  

a good separa t ion  o f  the three groups was achieved. By stepwise e lu t i o n  

with  methanol-water 82 .5 :17 .5  (v/v) and pure methanol i t  was p o s s i b l e  to 

separate up to 0.5  ml o f  an e s s e n t ia l  o i l .  The 24 cm x 10 mm i . d .  column 

was operated at an e luent  f low rate o f  8 ml/min. The e lu t i o n  order  o f  the 

in ve s t i g a te d  compounds took place accord ing  to a decreas ing  p o l a r i t y ,  and 

w i th in  the group o f  hydrocarbons accord ing  to in c re a s in g  molecu lar  weight 

( F ig .  7).  The e lu t i o n  order  was confirmed by c a p i l l a r y  GC o f  each f r a c t io n :  

F ra c t ion  1 contained indeed the oxygen -conta in ing  mono- and se squ i te rpenes ,  

f r a c t i o n  2 the monoterpene hydrocarbons and f r a c t i o n  3 the se squ ite rpene  

hydrocarbons,  even l a b i l e  compounds such as germacrene-D.

At lower flow rates  with the RP 18 HPLC column, a sepa ra t ion  w i th in  the 

three f r a c t i o n s ,  e s p e c i a l l y  w i th in  the oxygen -conta in ing  compounds, was 

observed. Th i s  goes, however, to the account o f  the separa t ion  time. Re­

duction o f  the flow rate  o f  the mobile phase from 8 ml/min to 4 ml/min i n ­

creased the e lu t i o n  time from 12 min to about 30 min, but led to a r e s o l ­

ut ion  o f  the f i r s t  HPLC f r a c t i o n ,  con ta in ing  the oxygen -con ta in ing  terpenes 

in to  fou r  peaks ( F i g .  8 ) .  GC ind ica ted  that  the monoterpene a lc o h o l s  were 

e lu ted  in  peak 2, that peak 3 contained the le s s  po la r  monoterpene a lcohol  

e s t e r s ,  peak 4 the se squ ite rpene  a lc o h o l s  and peak 1 on ly  so lven t  im p u r i t ie s .

Summarizing, i t  may be concluded that  the descr ibed sem i-p reparat ive  

HPLC sepa ra t ion  in to  d i f f e r e n t  groups was s u r p r i s i n g l y  good, co n s id e r in g  

the complex ity  o f  the natura l  terpene mixture i n ve s t i g a te d .  HPLC i s ,  thus,  

well  su i ted  f o r  a f a s t  f r a c t i o n a t i o n ,  requ ired  f o r  an e f f i c i e n t  separa t ion  

o f  such complex mixtures  con ta in ing  chem ica l ly  d i f f e r e n t  groups o f  con­

s t i t u e n t s  .

Fu r the r  sepa ra t ion  o f  the hydrocarbon f r a c t i o n s  was performed by means 

o f  LSC, s in ce  experiments with d i f f e r e n t  reversed phase m a te r ia l s  had 

f a i l e d  in a s a t i s f a c t o r y  sepa ra t ion  o f  the monoterpenes. We used n-pentane 

as mobile phase and i r r e g u l a r  7 ym p a r t i c l e s  o f  s i l i c a  gel (L iCh roso rb  Si 

60) as adsorbent.

The water content o f  the adsorbent in f lu ence s  s t r o n g l y  the sepa ra t ion .

Dry or  f u l l y  a c t iv a ted  adsorbents can cause sample a l t e r a t i o n .  Therefore,  

i t  was important to add a ce r ta in  amount o f  water to the adsorbent before
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F i g .  8. HPLC f r a c t i o n a t i o n  o f  an e s s e n t i a l  o i l  a t  a f low ra te  o f  4 ml/min.
Other  c o n d i t i o n s ,  see F i g .  7.

use. S in c e  the k ' - v a l u e s  decrease  when more wate r  i s  added, the optimum 

percentage  has to  be e x a c t l y  e va lua te d ;  i t  was found to be 4 .8%.  Sample 

a l t e r a t i o n  and i r r e v e r s i b l e  a d s o r p t i o n ,  which were observed  f o r  terpenes  

in  c l a s s i c a l  LSC due to  the a c t i v e  s u r f a c e  o f  the ad so rben t ,  do not occur  

on s i l i c a  gel  w i th  a water  conten t  o f  more than 4% ( 3 ) .

Another  f a c t o r  which c o n t r o l s  the k ' - v a l u e s  o f  the d i f f e r e n t  h y d r o c a r ­

bons,  i s  the temperature,  as i t  i s  known from TLC. The k ' - v a l u e s  i n c re a se  

w i th  d e c re a s in g  temperature.  F i g .  9 shows the r e s o l u t i o n  r  v e r su s  the 

column temperature  T f o r  monoterpene h y d r o c a rb o n s . I t  can be seen from 

the f i g u r e  t h a t  the s e p a ra t i o n  and the p la t e  number n improve w ith  de­

c r e a s i n g  column temperature .  T h i s  i s  in  agreement w i th  the o b s e r v a t i o n s  

o f  J i n n o  e t  a l . (25)  and o f  Snyde r  ( 2 6 ) .  So,  terpene  hyd roca rbons  can be
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F i g .  9. A n a l y s i s  time t ,  r e s o lu t i o n  r  and p la te  number n ver su s  column
temperature T in ad so rp t ion  HPLC o f  terpene hydrocarbons on s i l i c a  
gel with  n-pentane.

s u f f i c i e n t l y  separated  on ly  a t  low temperature. We p re fe r red  -15°C (10 ) ,  

s ince  a lower temperature r e su l te d  in too long and, the re fo re ,  i n e f f e c t i v e  

s e p a ra t io n s  w ithout  s i g n i f i c a n t l y  be t te r  r e s o lu t i o n .

The sepa ra t ion  o f  e i g h t  monoterpene hydrocarbons achieved in  about 10 

min under the cond i t io n s  descr ibed  above, i s  shown in F i g .  10. Under the 

same chromatographic c o nd i t io n s  a natura l  mixture of  se squ i te rpene  hydro­

carbons was separated  in  l e s s  than 20 min ( F i g .  11).

The combinat ion o f  a reversed-phase  HPLC f r a c t i o n a t i o n  fo l lowed by a 

f u r t h e r  HPLC se p a ra t io n ,  prov ided in many cases  pure compounds, the 

s t r u c tu re  o f  which could be determined with  v a r io u s  spe c t ro sco p ic  methods.
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F i g .  10. HPLC s e p a r a t i o n  o f  monoterpene h y d r o c a rb o n s . C o n d i t i o n s :  column, 
30 cm x 4 mm i . d . ;  ad so rben t ,  L iC h rop rep  S i  60 (7 ym) w i th  4.8% 
water;  e l u e n t ,  n -pentane,  1.5 ml/min; temperature  -15°C;  UV de­
t e c t o r .  1 = s ta nd a rd ,  2 = a - p in e n e ,  3 = (3-pinene, 4 = sab inene ,
5 = l imonene,  6 = A3 -ca rene ,  7 = myrcene + c i s - p - o c im e n e , 8 = 
t r a n s - p - o c im e n e , 9 = p-cymene, 10 = s tanda rd .

In  some c a s e s ,  however, f u r t h e r  s e p a ra t i o n  was n e c e s sa r y ;  i t  was u s u a l l y  

conducted by subsequent  LC o r  p r e p a r a t i v e  GC.

A p r e p a r a t i v e  HPLC s e p a r a t i o n  o f  an e s s e n t i a l  o i l ,  u s in g  a la r ge  d i a ­

meter column, packed w ith  o c t a d e c y l s i l a n -b o n d e d  s i l i c a  has r e c e n t l y  been 

demonstrated  ( 2 7 ) .  The e s s e n t i a l  o i l  o f  cu rcu m a  x a n t h o r r h i z a  was sepa ra ted  

under i s o c r a t i c  c o n d i t i o n s  w i th  methanol as mob i le  phase. On a column w ith
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2 A 6 8 10 12 14 16 18 20 22
t (m in )

F ig .  11. HPLC sepa ra t ion  o f  se squ ite rpene  hyd rocarbons . C ond i t ion s  see 
F ig .  10. 1 = a-copaene, 2 = S-elemene, 3 = p-elemene, 4 = p- 
c a r y o p h y l le n e , 5 = a-bergamotene, 6 = p - b i s a b o le n e , 7 -  a -  
humulene, 8 = 6-cadinene,  9 = standard.

an i . d .  o f  50 mm, 5 ml o f  the e s s e n t i a l  o i l  could be analyzed in  one run 

and at l e a s t  seven well  separated f r a c t i o n s  were c o l le c te d  w i th in  12 min.

DROPLET COUNTER-CURRENT CHROMATOGRAPHY

In add i t io n  to HPLC the r e l a t i v e l y  newly developed technique o f  DCCC 

can be used f o r  sepa ra t in g  e s s e n t i a l  o i l s  i n to  f r a c t i o n s  o r ,  in the idea l  

case, in to  pure compounds. The apparatus which was developed by Tanimura 

et a l .  (28) and w ide ly  app l ied  by Hostettmann (29),  i s  s u i t a b l e  e s p e c i a l l y  

f o r  the sepa ra t ion  o f  r e l a t i v e l y  p o la r  compounds.
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The apparatus c o n s i s t s  of  300-600 columns f i l l e d  with a s t a t i o n a r y  

l i q u id .  Separat ion  i s  achieved by pa ss ing  d rop le t s  o f  the mobile phase 

through the columns, thus d i s t r i b u t i n g  the components o f  the mixture at 

d i f f e re n t  r a t i o s ,  which leads to t h e i r  separa t ion .  With a water- f ree  s o l ­

vent system the sepa ra t ion  of non -po la r  mixtures such as e s se n t ia l  o i l s  

could be achieved (30 -32).  The f r a c t i o n a t i o n  of  a terpene mixture by 

DCCC and checked by c a p i l l a r y  GC i s  g iven in  Table I .

Along with the separat ion  of  e s s e n t i a l  o i l  components, the method a l lows 

a l so  an enrichment o f  minor components, s in ce  r e l a t i v e l y  la rge  samples can 

be separated in one a n a ly t i c a l  run.

ROTATION LOCULAR COUNTER-CURRENT CHROMATOGRAPHY

Recent experiments with RLCC demonstrated c l e a r l y  i t s  u se fu lne s s  fo r  

the separa t ion  o f  e s s e n t i a l  o i l s  on sem i-p reparat ive  sca le  (33).

The RLCC apparatus (R ik ak ik a i  Co., Tokyo, Japan) i l l u s t r a t e d  schematic­

a l l y  in  F ig .  12, c o n s i s t s  o f  16 c o n c e n t r i c a l l y  arranged g l a s s  tubes, which 

are connected to each o ther  in  s e r i e s  with te f lon  tub ing.  The g la s s  tubes 

are d iv ided  by te f lon  d i s c s  with a small hole in the center,  thus c rea t ing  

small compartments or lo cu le s .  A f te r  f i l l i n g  the tubes with  the s t a t i o n a r y  

l i q u i d  phase and completely e x p e l l i n g  a l l  a i r  bubbles,  the tubes are i n ­

c l ined  to a 30° angle.
In  the ascending mode, the l i g h t e r  mobile phase i s  app l ied  to the bottom 

o f  the f i r s t  tube ( F ig .  12), thus  d i s p l a c i n g  the s t a t i o n a r y  phase as i t s  

volume a t t a in s  the level o f  the hole in  the d i s c .  The mobile phase passes  

through t h i s  hole and enters  to the next compartment, where the process 

cont inues,  e t c . ,  u n t i l  the mobile phase emerges from the uppermost locu le .  

F i n a l l y  the two phases f i l l  approximately  h a l f  o f  each compartment. The 

d i s s o l v e d  e s se n t ia l  o i l  subsequent ly  introduced i s  subjected to a m u lt i -  

s tep p a r t i t i o n i n g  process which leads to sepa ra t ion s  o f  the va r iou s  com­

ponents .

I f  the descending mode i s  se le c ted  fo r  sepa ra t ion ,  the valve ( F ig .  12) 

has to be switched, thus app ly ing  the (heav ie r )  mobile phase at the top 

of  each compartment.

When comparing RLCC and DCCC, one can p a r t i c u l a r l y  s t r e s s  the s u p e r io r  

f l e x i b i l i t y  o f  RLCC. Whereas DCCC under a l l  c ircumstances requ i re s  a two- 

phase system able to form d rop le t s  o f  the mobile phase in  the s t a t i o n a r y  

phase, the choice of so lven t - sy s tem s  in RLCC i s  nea r ly  un l im ited .  So, the
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l i m i t a t i o n s  o f  DCCC, when a n a l y z in g  l i p o p h i l i c  samples,  do not app ly  to 

RLCC. Another  advantage o f  RLCC i s  that  one e a s i l y  can change the s t a t i o n ­

a ry  phase to become the mobi le  phase and v i c e  ve r sa .  By doing so,  the sep ­

a r a t io n  time can be d r a s t i c a l l y  shortened w ithou t  l o s s  o f  s e p a ra t io n  e f f i ­

c iency .  Even s t ro ng  d i f f e r e n c e s  in  p o l a r i t y  can e a s i l y  be c o n t r o l l e d  by 

t h i s  change -ove r ;  t h i s  i s  not p o s s i b l e  in  DCCC.

The s e p a ra t io n  o f  groups o f  components w i th  d i f f e r e n t  p o l a r i t i e s ,  even 

a s e p a ra t io n  o f  such s i m i l a r  components as menthone and i so -m enthone , can 

be ach ieved.

outlet

F ig .  12. Flow scheme o f  the RLCC appara tu s .

Summariz ing, an overv iew  i s  g iven  on d i f f e r e n t  i s o l a t i o n  techn iques  

used in  the f i e l d  o f  e s s e n t i a l  o i l  a n a l y s i s .  A l l  methods mentioned have 

t h e i r  advantages and d i s a d va n ta ge s ,  and o n ly  a s k i l f u l  combinat ion  of  

v a r i o u s  te chn ique s ,  based on d i f f e r e n t  s e p a ra t io n  c h a r a c t e r i s t i c s , can 

u s u a l l y  lead to the r e s u l t s  wanted.

F lo w  d ire c t io n  c h a n g e  v a lv e

so lvent
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THE INFLUENCE OF ISOLATION CONDITIONS ON THE COMPOSITION OF ESSENTIAL 
O ILS  CONTAINING LINALOOL AND LINALYL ACETATE

G. SCHMAUS, K.-H. KUBECZKA

ABSTRACT

The e s s e n t i a l  o i l s  o f  lavende r  and c l a r y  sage i s o l a t e d  by d i f f e r e n t  
te chn iques  such as h y d r o d i s t i 11a t io n  o r  e x t r a c t i o n  w ith  an o r g a n i c  s o l v e n t  
m ix tu re ,  show s i g n i f i c a n t  d i f f e r e n c e s .  S y s tem at ic  i n v e s t i g a t i o n s  on the 
s t a b i l i t y  o f  the major o i l  components, l i n a l o o l  and l i n a l y l  a ce ta te ,  in  
a model system w ith  bu f fe red  d i s t i l l a t i o n  water o f  d i f f e r e n t  pH va lues  
enabled us to  c o r r e l a t e  the a r t i f a c t s  found in  the h y d r o d i s t i l l a t e  w ith  
l i n a l y l  ace ta te .  Whereas l i n a l o o l  d id  not  decompose in  the pH range 5 . 0 -  
8 .0 ,  an a l l y l i c  rearrangement o f  l i n a l y l  a ce ta te  cou ld  not  be prevented 
even a t  pH 7.0.

S in ce  i t  was not p o s s i b l e  to ob ta in  by h y d r o d i s t i 11a t io n  an e s s e n t i a l  
o i l  t h a t  repre sen ted  the genu ine  com p o s i t ion ,  the v o l a t i l e s  o f  lavende r  
and c l a r y  sage  were p r i m a r i l y  e x t rac ted  w ith  an o rg a n ic  s o l v e n t  m ixture .  
The n o n - v o l a t i l e  components o f  the e x t r a c t s  ( f a t s ,  waxy m a t e r i a l s  and 
p la n t  p igments)  may render  the GC a n a ly s e s  d i f f i c u l t .  We ap p l ie d  th e re ­
fo re  a gas phase s t r i p p i n g  f o r  the i s o l a t i o n  o f  the v o l a t i l e s .  The com­
b in a t i o n  o f  s o l v e n t  e x t r a c t i o n  and gas phase s t r i p p i n g  y i e l d e d  an e s s e n ­
t i a l  o i l ,  the com pos i t ion  o f  which was q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  
comparable to  the genuine  one, s i n c e  a r t i f a c t  fo rm at ion  was prevented.

INTRODUCTION

GC i s  the most commonly used a n a l y t i c a l  techn ique  in  q u a l i t a t i v e  and 

q u a n t i t a t i v e  s t u d i e s  on e s s e n t i a l  o i l s .  In  many i n v e s t i g a t i o n s  the o i l  

sample was obta ined  by h y d r o d i s t i 11a t i o n , s i n c e  s u f f i c i e n t  amounts o f  o i l  

can e a s i l y  be i s o l a t e d  in  t h a t  way. However, h y d r o d i s t i l l a t i o n  can cause  

a r t i f a c t  fo rm at ion  o f  l a b i l e  c o n s t i t u e n t s ,  due to  the temperature app l ied  

as wel l  as to  o r g a n i c  a c id s  and metal i o n s  in  the d i s t i l l a t i o n  water.

I t  shou ld  be po in ted  out th a t  an a r t i f a c t  fo rm at ion  d u r in g  the i s o l a t i o n  

can never  be c o r r e c te d  a t  any l a t e r  s ta ge  o f  the a n a l y s i s .

I t  i s  wel l  known th a t  e s s e n t i a l  o i l  components such as l i n a l o o l  and 

l i n a l y l  ace ta te  a re  l a b i l e  and may undergo rearrangements  d u r in g  the 

i s o l a t i o n  (1,  2 ) .  T he re fo re ,  we used f r e s h  p l a n t  m a te r ia l  o f  lavende r  

and c l a r y  sage f o r  a compar ison o f  i s o l a t i o n  p rocedu re s ,  s i n c e  the com­

pounds mentioned are  major c o n s t i t u e n t s  o f  the e s s e n t i a l  o i l s  o f  la vende r  

and c l a r y  sage.

A. Baerheim Svendsen andJ.J.C. Scheffer (eds), Essential oils and aromatic plants, ISB N -1 3 : 978-94-009-5137-2 

©  1985 Martinus N ijhoff/D r W. Junk Publishers, Dordrechty The Netherlands
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RESULTS AND DISCUSSION

C la ry  sage was used f o r  the f i r s t  exper iments.  I t s  o i l  and concrete  

are important in  the f l a v o u r  and f ragrance  indu s t ry .

The concrete  conta in s  38-45% o f  s c la re o l  (3 ) ,  a d i -  

t e rp e n e d io l , that  i s  used e i t h e r  as natural  f i x a t i v e  

or  as raw mater ia l  f o r  the o x id a t i v e  convers ion  to a 

mixture o f  ethers  and unsaturated a l c o h o l s ,  p o s s e s s ­

ing an am bergr i s -1 ike  aroma. In f l a v o u r  in d u s t ry ,  

c l a r y  sage i s  used in  a l c o h o l i c  beverages, l iq u eu r s  

and as a m od i f ie r  in  sp ic e s  (4 ) .  Fresh p lan t s  were c o l le c ted  in  Southern 

France and the e s s e n t ia l  o i l  was i s o l a t e d  from the f re sh  f low er ing  tops 

e i t h e r  by h y d r o d i s t i l l a t i o n  in  a modif ied ' K a r l s r u h e r  appara tu s '  (5) or 

by e x t ra c t io n  with pentane-d iethy l  ether  (7 :3 ) .

S i g n i f i c a n t  d i f fe rence s  between the e s se n t ia l  o i l s  obtained by hydro­

d i s t i l l a t i o n  at pH 7.0 and by e x t ra c t io n  o f  the p lan t  mater ia l  with  the 

o rgan ic  so lven t  mixture were shown by c a p i l l a r y  GC. Only t races  o f  sc lareo l  

were detected in  the d i s t i l l e d  o i l ,  whereas i t  was the major c o n s t i tu en t  

o f  the ext rac t .  Presumably, the reason f o r  the r e l a t i v e l y  low v o l a t i l i t y  

of  t h i s  compound i s  i t s  molecu lar  weight (= 308.51).  L i n a l y l  acetate was 

i d e n t i f i e d  as the second major c o n s t i tu en t  o f  the e x t rac t  as well  as o f  

the h y d r o d i s t i 11ed o i l .  However, the most s t r i k i n g  d i f fe rence  between 

both samples was the occurrence of  severa l  add i t iona l  main components in  

the d i s t i l l e d  o i l :  myrcene, c i s -p-ocimene, t ran s -p -oc im ene , a - t e r p i n e o l , 

n e r o l , g e r a n io l ,  neryl  acetate and geranyl  acetate,  wh i le  the amount of  

l i n a l o o l  was a l s o  d r a s t i c a l l y  increased.  We suspected l i n a l y l  acetate,  

r e sp e c t i v e l y  l i n a l o o l  formed by h y d r o l y s i s  o f  the e s te r ,  to be the pre ­

cu r so r s  o f  the a r t i f a c t s ,  because o f  t h e i r  l a b i l i t y  (1, 2).

In order  to c o r re la te  the a r t i f a c t s  mentioned to a c e r t a in  p recu r so r ,  

and to get more de ta i led  in fo rmat ion  about the rearrangement and decom­

p o s i t i o n  p roce sse s ,  we in ve s t i g a te d  the in f luence  of  the a c i d i t y  of  the 

d i s t i l l a t i o n  medium on the s t a b i l i t y  of  l i n a l o o l  and l i n a l y l  acetate in 

a model system by v a ry in g  the pH over  the range 2 .2 -8 .0 ,  u s ing  M c l l l v a i n e  

bu f fe r s  (5) with  pH va lues  2.2,  3 .0 ,  4 .0 ,  5.0,  6 .0 ,  7.0 and 8.0  as de­

sc r ibed  by Koedam (7 ) .  For the experiments c a r r ie d  out with l i n a l y l  

acetate we used the apparatus shown in F ig .  1. A def ined volume of  the 

pure compound was re f luxed  with a b u f fe r  s o l u t i o n  f o r  2 h. Th i s  should 

s imulate  the s i t u a t i o n  o f  the e s s e n t i a l  o i l  components du r ing  t h e i r  i s o -

OHi
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F ig .  1. Schematic drawing o f  the 
appara tu s  used to s tudy  
the i n f l u e n c e  o f  the pH

l a t i o n  from the p l a n t  m a te r i a l .  The gas 

chromatograms o f  the m ix tu re s  o f  compo­

nents  ob ta ined  from l i n a l y l  ace tate  a t  

some s e le c te d  pH va lue s  were compared 

w ith  the chromatogram o f  the n o n - d i s t i l l ­

ed re fe rence .  The most s t r i k i n g  d i f f e r ­

ences cou ld  be recogn ized  a t  pH 2 .2 ;  they 

w i l l  be d i s c u s s e d  l a t e r  in  connect ion  

w ith  l i n a l o o l .  In  the pH range 5 . 0 - 8 . 0  

a s i m i l a r  p a t te rn  o f  a r t i f a c t s  was ob­

se rved ,  and the components i d e n t i f i e d  

were in  good accordance w ith  the a r t i ­

f a c t s  i d e n t i f i e d  in  the h y d r o d i s t i 11ed 

o i 1 o f  c l a r y  sage.

Sub sequent ly  we repeated the e x p e r i ­

ments w ith  l i n a l o o l  in s te a d  o f  l i n a l y l  

ace tate .  At pH 2 .2  the pa t te rn  o f  the 

components was s i m i l a r  to  th a t  found f o r  

l i n a l y l  ace ta te ,  p robab ly  because hydro ­

l y s i s  o f  the e s t e r  i s  the f i r s t  s tep  in  the 

r e a c t i o n s .  However, g e r a n io l  r e f lu x ed  

under the same condi t i o n s  y ie l d e d  n e a r l y  

the same m ixture  o f  a r t i f a c t s .  The reason 

might be a common in te rm ed ia te  (8 ) .  I t
o f  the d i s t i l l a t i o n  me­
dium on the s t a b i l i t y  o f  i s  supposed (8)  t h a t  g e r a n io l  forms a
v a r i o u s  compounds. c a t io n  which i s  the resonance  s t a b i l i z e d

h yb r id  o f  the conformers  g e r a n y l , nery l  

and l i n a l y l  c a t io n ,  and c y c l i z a t i o n  o f  the c a t io n s  r e s u l t s  in  the forma­

t i o n  o f  a - t e r p i n y l  c a t io n  ( F i g .  2 ) .  T h i s  in te rm ed ia te  t h a t  p robab ly  a r i s e s  

from l i n a l o o l ,  nero l  and g e r a n i o l ,  o r  from t h e i r  e s t e r s  a f t e r  h y d r o l y s i s ,  

would e x p la i n  the r e s u l t s  obta ined  in  our exper iments .

, ©

F ig .  2. S t r u c t u r a l  fo rm u las  o f  the in te rm ed ia te  c a t i o n s  (8 ) .  From the
l e f t  to  the r i g h t :  g e r a n y l ,  l i n a l y l ,  nery l  and a - t e r p i n y l  c a t io n .
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To get s u f f i c i e n t  mater ia l  f o r  s t r u c tu re  e lu c id a t io n  o f  the a r t i f a c t s ,  

a l a r g e r  amount o f  l i n a l o o l  was re f luxed  at pH 2.2. Chromatographic and 

spec t ro scop ic  methods were used f o r  i d e n t i f i c a t i o n  o f  the GC peaks. In 

Table I  the monoterpenes i d e n t i f i e d  are l i s t e d .  L in a lo y l  and ocimenoyl 

oxide were descr ibed f o r  the f i r s t  time as d i s t i l l a t i o n  a r t i f a c t s  in  the 

e s se n t ia l  o i l  o f  l ime (9 ) ;  they were probably  formed as r e s u l t  o f  the low 

pH of  the d i s t i l l a t i o n  water (o rgan ic  ac id s  in  l ime f r u i t s ) .

Table I .  Compounds i d e n t i f i e d  a f t e r  r e f l u x i n g  o f  l i n a l o o l  at  pH 2.2 
( ?  = t e n t a t i v e l y  i d e n t i f i e d ) .

Compound I d e n t i f i c a t i o n

Myrcene GC
a-Terp inene GC
Limonene GC
ci s-ft-Ocimene GC
y -T e rp i  nene GC
trans-p-0c imene GC
Terpinolene GC

L in a lo y l  oxide MS IR
1 .4 -C ineo le MS IR
1 .8-C i  neole GC MS IR
Ocimenoyl oxide MS IR

Li nalool GC
p -M enth -3 -en - l -o l MS
T e rp inen-4-ol  ( ? ) GC MS
3-Terp ineo l  ( c i s  o r  t ran s ) MS
Myrcenol MS
c i s-&-0cimenol ( ? ) MS
trans-3 -0c im eno l  ( ? ) MS
a-Terp i  neol GC MS
y -Te rp i  neol GC MS

In our  experiments we did not detect a l l  the compounds mentioned, when 

c l a r y  sage and lavender  o i l  were h y d r o d i s t i l i e d  from the p lan t  mater ia l  

in  non-buffered water, probably  because the pH was not lower than 5.0.

In  c o n t ra s t  to  1 I n a l y l  acetate,  l i n a l o o l  did not undergo rearrangements 

in  the pH range 5 .0 -8 .0 .  Therefore,  i t  i s  obv ious,  that  the a r t i f a c t s  

found in  the h y d r o d i s t i 11ed o i l s  from p lan t  mater ia l  are formed almost 

e x c l u s i v e l y  from l i n a l y l  acetate. P o s s i b l y  the f i r s t  r eac t ion  may be the 

formation o f  an ion p a i r  with an o rgan ic  ac id  molecule, which can under­

go a l l y l i c  rearrangement and degradat ion  to y i e l d  the a r t i f a c t s  found 

( 10).
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Lavender, a l s o  c o n t a in in g  l i n a l o o l  and l i n a l y l  acetate  as major com­

ponents o f  i t s  e s s e n t i a l  o i l ,  was c o l l e c t e d  in  Southern France as we l l .  

Comparison o f  the e s s e n t i a l  o i l  i s o l a t e d  by h y d r o d i s t i l l a t i o n  at pH 7.0 

and the e x t r a c t  from the f re sh  p lan t  mater ia l  showed r e s u l t s  s i m i l a r  to 

those  descr ibed  f o r  c l a r y  sage. In the o i l  a - t e r p i n e o l ,  nery l  acetate,  

geranyl  ace tate ,  nerol  and ge ran io l  were i d e n t i f i e d  as d i s t i l l a t i o n  a r t i ­

f a c t s .  D i f f e re n c e s  in  the group o f  monoterpene hydrocarbons were not so 

pronounced, s i n c e  some of  these  compounds occur  in  the l i v i n g  p lan t ,  e s ­

p e c i a l l y  c i s -3-oc imene and t rans -3 -oc im ene.

I t  may be concluded tha t  the a n a l y t i c a l  r e s u l t s  obta ined f o r  an e s sen ­

t i a l  o i l  i s o l a t e d  by h y d r o d i s t i l l a t i o n  shou ld  be in te rp re te d  c a r e f u l l y ,  

and tha t  s o l v e n t  e x t r a c t i o n  i s  s u p e r i o r  to d i s t i l l a t i o n  s in c e  i t  g i v e s  a 

more r e l i a b l e  p i c tu re  o f  the genuine compos i t ion  o f  an e s s e n t i a l  o i l .  

However, s in c e  GC a n a l y s i s  o f  a p lan t  e x t r a c t  leads to a f a s t e r  d e t e r i o ­

r a t i o n  o f  the GC column because o f  the n o n - v o l a t i l e s  a l s o  p resent  in  the 

e x t r a c t ,  an e f f e c t i v e  sample p repa ra t ion  technique had to be found with 

the f o l l o w in g  c r i t e r i a :

- the method shou ld  be s im p le ,  u n i v e r s a l l y  a p p l i c a b le ,  and able  to y i e l d  

s u f f i c i e n t  amounts o f  v o l a t i l e s  f o r  m u l t ip l e  GC, GC-MS o r  GC-FTIR;

- the method shou ld  prevent a r t i f a c t  format ion ,  and y i e l d  the genuine 

( q u a l i t a t i v e l y  and q u a n t i t a t i v e l y )  compos it ion  o f  the v o l a t i l e s  p resent  

in  the l i v i n g  p lan t .

F i n a l l y  a dynamic vapour phase s t r i p p i n g  technique was chosen: the 

v o l a t i l e s  are i s o l a t e d  from the e x t r a c t  by a cont inuous  stream o f  i n e r t  

gas and subsequent ly  trapped; a d i s c r im i n a t i o n  o f  e s s e n t i a l  o i l  c o n s t i t u ­

ents  with  a low vapour p re s su re  shou ld  be avoided in  th a t  way. For an 

e f f i c i e n t  t r ap p in g  o f  the v o l a t i l e s ,  the r e f l u x  t rapp ing  system with 

Freon 11, as de sc r ibed  p r e v i o u s l y  (11 ),  seemed to have p a r t i c u l a r  advan­

tages.  F ig .  3 shows a schematic  drawing o f  the apparatus.  A stream o f  

p u r i f i e d  N i t rogen  (50 ml/min) passes  through the concentrated  e x t ra c t  f o r  

40 h, and c a r r i e s  the v o l a t i l e s  to the e x t r a c t i o n  chamber. A f t e r  concen­

t r a t i o n  the sample i s  ready f o r  GC a n a l y s i s ;  the i n j e c t i o n  f o r  GC i s  pe r ­

formed with a cooled m ic r o - s y r i n g e .

Comparison o f  the gas chromatograms obta ined  f o r  the lavender  e x t ra c t  

and f o r  the sample prepared by gas phase s t r i p p i n g  o f  the e x t r a c t  showed 

the e f f i c i e n c y  o f  t h i s  technique.  A good t rapp ing  e f f i c i e n c y  o f  a l l  v o l ­

a t i l e s ,  and on ly  a s l i g h t  d i s c r im in a t i o n  o f  the c o n s t i t u e n t s  w ith  a low
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vapour p re s su re ,  and no a r t i f a c t  formation were observed (Table I I ) .

Table I I .  Percentage composit ion of lavender  o i l  i s o la te d  by h y d r o d i s t i l ­
l a t i o n  at pH 7.0,  by e x t ra c t io n ,  and by gas phase s t r i p p i n g  of  
the ex t rac t  ( ?  = t e n t a t i v e l y  i d e n t i f i e d ) .

Compound Hydrodi s t i l l  a t i  on Ex t rac t ion Ex t ra c t ion  and gas
pH 7.0 phase s t r i p p i n g

Myrcene 1.90 0.48 0.59
Limonene 
3 -P h e l1andrene 
1 .8 -C ineo le

0.56

0.49

0.16

0.46

0.19

0.68

ci s-3-0cimene 4.53 4.45 5.99
trans-3-0c imene 6.21 3.43 4.99
3-0ctanone ( ? ) 1.52 0.84 1.12
p-Cymene 0.72 0.34 0.47
Terpi nolene 0.36 - -
0 c t - l - e n - 3 - y l  acetate ( ? )  1.85 1.72 2.09
c i s - L i n a l o o l  oxide 0.31 0.46 0.58
t r a n s - L i n a lo o l  oxide 0.18 0.30 0.38
Camphor 0.46 0.37 0.47
Li nalool 40.91 24.95 25.78
L in a ly l  acetate 13.26 42.98 40.17
Terpi nen-4-o l 2.36 2.81 2.45
3 -Ca ryophy l1ene 3.96 5.48 4.72
a-Terp i  neol 5.43 - -
Borneol
a -Te rp iny l  acetate 2.15 1.66 1.48

Neryl acetate 1.22 - -

Geranyl acetate 2.47 - -

Nerol 1.04 - -

Gerani ol 3.24 - -

The r e s u l t s  obtained f o r  c l a r y  sage concerning the t rapp ing  e f f i c i e n c y  

etc were comparable with those f o r  lavender.  Even the r e l a t i v e  amounts of  

se squ i te rpenes  l i k e  (3-caryophyl lene and germacrene-D were in  good accord­

ance with  the e x t rac t ,  wh i le  s c la reo l  had not been t ran spo rted ,  due to i t s  

high molecular  weight.  According to a recent paper (12) on ly  low and medium 

molecular  weight compounds — up to e icosane  in  the alkane s e r i e s  — may be 

analyzed by gas phase s t r i p p i n g .

Summarizing i t  can be concluded tha t  a combination of s o lve n t  e x t ra c t io n  

and gas phase s t r i p p i n g  by means of  a r e f lu x  t rapp ing  apparatus,  y i e l d s  

an e s sen t ia l  o i l  the composit ion  of which i s  much more l i k e  that  occurr ing 

in the l i v i n g  p lan t  than that o f  the o i l  i s o la t e d  by h y d r o d i s t i 11a t i o n .

For i l l u s t r a t i o n ,  see p. 134.
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F ig .  3. Schematic drawing o f  the apparatus  used to i s o l a t e  the v o l a t i l e s  
from p la n t  e x t r a c t s  by gas phase s t r i p p i n g  (1 0 ) :  1. i n e r t  gas 
su p p ly ;  2. p re s su re  reducer;  3. charcoa l  f i l t e r ;  4. f low  r e g u l a ­
t o r ;  5. connect ion  w ith  Te f lon  s h r i n k i n g  tube; 6. water bath 
(30°C);  7. sample c o n t a in e r  with p l a n t  e x t r a c t ;  8. connect ion  by 
g r o u n d -b a l1- s o c k e t  j o i n t ;  9, e x t r a c t i o n  chamber; 10. r e f l u x  con­
denser  ( - 3 0 ° C ) ;  11. water bath (30°C);  12. f l a s k  w ith  Freon 11.
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F ig .  4. Gas chromatograms o f  the h y d r o d i s t i 11 ate o f  1 i n a l y l  acetate (pH
7.0}  and o f  the e s se n t ia l  o i l s  o f  c l a r y  sage obtained by d i f fe re n t  
methods. Column, c a p i l l a r y  (30 m) coated with SE-30;  oven tempera­
tu re ,  70-200°C (2.5°C/min);  7 = myrcene; 11 = l imonene; 14 = c i s -  
p-ocimene; 16 = t rans-p -oc imene;  18 = te rp ino lene ;  20 = l i n a l o o l ;  
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DETERMINATION OF THE ENANTIOMERIC COMPOSITION OF NATURAL FLAVOURING 
AGENTS BY ' ' h -NMR SPECTROSCOPY

U. RAVID, E. PUTIEVSKY, V. WEINSTEIN, R. I KAN

ABSTRACT

The ( + ) -  and ( - ) -enant iomers  o f  l i n a l o o l  were i s o l a t e d  as the major 
monoterpene a l c o h o l s  from the e s s e n t i a l  o i l s  of  co r iande r  and sweet b a s i l ,  
r e s p e c t i v e l y .  The enant iom er ic  compos it ion  of  natura l  ( + ) -  and ( - ) - ,  and 
o f  s y n t h e t i c  ( t ) - l i n a l o o l  was examined by ^H-NMR u s in g  a c h i r a l  lan than ­
ide s h i f t  reagent.

INTRODUCTION

( + ) - l i n a l o o l  i s  a major component in  e s s e n t i a l  o i l s  such as those  o f  

co r iande r ,  palmarosa, mace, p e t i t g r a i n  and sweet orange f low er s .  ( - ) -  

l i n a l o o l  i s  p resent  in  the o i l s  o f  sweet b a s i l ,  Cinnawomum camphora  var. 

o r i e n t a i l s , c .  cam phora  var.  o c c i d e n t a i i s , cajenne rosewood, n e r o l i , 

l i n a l o e ,  bergamot, la vand in  and o the r s .  A mixture o f  ( + ) -  and ( - ) - l i n a l o o l  

has been reported  in B r a z i l  rosewood (1 ) .  "Odour"  recepto rs  in  man and in 

i n s e c t s  can d i s c r im in a te  between enant iomers.  In  some cases  one e n a n t io ­

mer can s y n e rg i ze  the o ther  (2 ) .

Opt ica l  p u r i t y  o f  enant iomers w ith  known abso lu te  c o n f i g u r a t i o n  i s  o f  

g reat  importance in  the chem ist ry  o f  natura l  p roducts ,  e s p e c i a l l y  in  the 

f i e l d s  o f  f l a v o u r s ,  f ra g rance s  and pheromones. The pure enant iomers o f  

carvone shew d i f f e r e n t  odour p ro p e r t ie s  (3, 4 ) .  D i f f e re nce s  in the phero­

monal a c t i v i t i e s  on b l a c k - t a i l e d  deer and on khapra beetle  were ach ieved 

by u s in g  h i g h l y  pure enant iomers and m ix tu re s  of  them (5, 6 ) .

MATERIALS AND METHODS

Sweet b a s i l  ( O c i m u m  b a s i i l c u m , K e d i t e r ra n e a n - t y p e ) and co r iande r  

( C o r i a n d r u m  s a t i v u m ) were grown in an experimental  f i e l d  at the Neve 

Y a ' a r  A g r i c u l t u r a l  Experiment S t a t i o n .  The p la n t s  were harvested  in  the 

summer o f  1983. Fresh  leaves o f  sweet b a s i l  were s t e a m - d i s t i l l e d  f o r  2 h 

in  a 130 1 d i r e c t  steam p i l o t  p lan t  apparatus.  Fresh f r u i t s  o f  co r iande r  

were hand separated  and h y d r o d i s t i 1 led in  a mod if ied  C levenger - type  ap-

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, I S B N - [ 3: 978-94-009-5137-2 
©  1985 Martinas N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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paratus f o r  2 h. The o i l s  were dr ied  over anhydrous sodium su l f a t e  and 

s to red  at 2-6°C. L in a loo l  was i s o l a t e d  from both o i l s  by f r a c t i o n a l  d i s ­

t i l l a t i o n  on a Perk in -E lmer  Model 131T M i c r o s t i l l  a t  0 .1 -0 .2  mbar.

Samples o f  0.1 y l  o f  the e s s e n t ia l  o i l s  and o f  l i n a l o o l  were in jec ted  on 

a packed g l a s s  column (3 m x 4 mm i . d . )  with 5% Carbowax 20M on Chromo- 

sorb W (80-100 mesh). Operating cond i t ion s :  temperature program 80-200°C 

(6°C/min); c a r r i e r  gas,  N it rogen,  30 ml/min. A Var ian  3700 gas chromato­

graph equipped with  F ID,  and a Hewlett-Packard 3390A in te g ra to r  were used.

Optical  r o t a t io n s  were measured on a Perk in -E lmer  Model 531 polar ime- 

te r  and the ^H-NMR spectra  recorded in  deuterochloroform s o lu t i o n s  on a 

Bruker WH 300 spectrometer .

RESULTS AND DISCUSSION

L in a lo o l  i s  the major component in the e s s e n t i a l  o i l s  of  sweet b a s i l  

(63%) and co r iander  (77%).  By f r a c t io n a l  d i s t i l l a t i o n  of  the o i l s  in  

vacuo, l i n a l o o l  was i s o l a t e d  in  high p u r i t y .  The s p e c i f i c  r o ta t ion  o f  

l i n a l o o l  i s o la t e d  from sweet b a s i l  o i l  was -21.0° (c = 1.00;  e thano l ) ,  

and from cor iander  o i l  +16.0° (c = 1.54, e thano l ) .  The abso lu te  c o n f i g u r ­

a t ion  o f  l i n a l o o l  was proved by p y ro l y t i c a l  formation from the d ia s te reo -  

meric p in a n -2 -o l s  (7) and by a seven-step  s y n t h e s i s  from c h i r a l  2 ,2 ,4 -  

t r imethyl  -1 ,3 -d ioxo lan -4 -ca rba ldehyde  (8).

Ch i ra l  lanthan ide  s h i f t  reagents  were found to cause l a r g e r  ena n t io ­

meric s h i f t  d i f fe re n ce s  in  the NMR spectrum of severa l  c h i r a l  a l c o h o l s  (2 ) .  

Eu(h fbc)g  reagent i s  paramagnetic and causes downfie ld changes in  the 

chemical s h i f t  o f  the protons near the s i t e  of the (3-diketone complex with 

the po la r  parts  of  the sub st ra te  without l i n e  broadening.

Add i t ion  o f  the natural  ( + ) -  and ( - ) - l i n a l o o l  and o f  s y n th e t i c  { - ) -  

l i n a l o o l  in to  a s o lu t i o n  o f  Euthfbc)^ in deuterochloroform in d i f f e re n t  

concentrat ions  cause downfield s h i f t s  o f  the protons of  the complex. The 

abso rpt ion  o f  the o l e f i n i c  protons appearing about 7.5 ppm (by add i t ion  

of  8.2 mg l i n a l o o l  to 40 mg Eu(h fbc)g  in  0.4  ml deuterochl oroform) i s  a 

doublet f o r  ( R ) - ( - ) - 1 in a loo l  i s o l a t e d  from sweet b a s i l  o i l .  I t  shows that  

t h i s  l i n a l o o l  i s  a pure enantiomer. The ab so rp t ion  i s  s p l i t  in to  two equal 

doublets  by a d d i t io n  o f  s y n th e t i c  ( R S ) - l i n a l c c l  to  the c h i r a l  s h i f t  r e ­

agent. The enant iomeric  r a t i o  i s  1:1. In the case of  ( S ) - ( + ) - l i n a l o o l  

i s o l a t e d  from cor iande r  o i l ,  each p a i r  of  the doublets  i s  not equal.

Sp ik in g  o f  the ( S ) - (+ ) -enan t iom e r  with the pure (R ) - ( - ) - e na n t io m e r  shows
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tha t  the ab so rp t ion  a t  the lower f i e l d  i s  tha t  o f  the enant iomer ic  peak 

o f  ( S } - ( + ) - l i n a l o o l . The enant iom er ic  compos it ion  o f  l i n a l o o l  from the 

o i l  o f  c o r i a n d e r  was found to be the same in  both techn iques  o f  conven­

t i o n a l  p o la r im e t ry  and o f  ^H-NMR " p o l a r i m e t r y " . The NMR spec t ra  o f  s y n ­

t h e t i c  and na tu ra l  l i n a l o o l  in  the presence o f  E u (h f b c ) 2  are shown in  

F i g .  1.

8 7 6 5 ppm

F ig .  1. NMR spec t ra  o f  (a) s y n t h e t i c  racemic l i n a l o o l ,  (b) natu ra l  
l i n a l o o l  from sweet b a s i l  o i l  and (c) natu ra l  l i n a l o o l  from 
c o r i a n d e r  o i l ,  in  presence o f  E u ^ f b c ) ^ .



138

REFERENCES

(1) Fu r ia  I E ,  Be l lanca  N, Eds. 1975, F e n a r o l i ' s  Handbook o f  F la vou r  I n ­
g red ien t s ,  2nd Ed., V o l . l ,  Cleveland', Ohio, CRC Press .

(2) Plummer EL, Stewart TE, Byrne K, Pearce GT, S i l v e r s t e i n  RM. 1976, J 
Chem. E c o l . 2:307.

(3) R u s se l l  GF, H i l l s  J I .  1971, Sc ience  172:1043.
(4) Friedman L, M i l l e r  JG. 1971, Sc ience 172:1044.
(5) Mill ler -Schwarze D, Ravid U, Claesson A, S in ge r  AG, S i l v e r s t e i n  RM, 

MU1ler-Schwarze C, Volkman NJ , Zemanek KF, B u t le r  RG. 1978, J.  Chem 
Eco l.  4:247.

(6) G reenblatt  RE, Burkho lder  WE, Cross  JH, C a s s id y  J r .  RF, S i l v e r s t e i n  
RM, Lev inson  AR, Lev inson  HZ, Ravid U. 1977, 174th Am. Chem. Soc. 
Nat iona l  Meeting, Chicago.

(7)  O h lo f f  G, K le in  E. 1962, Tetrahedron 18:37.
(8) Barner R von, Hubscher J. 1983, Helv. Chim. Acta 66:880.



139

DETERMINATION OF THE ENANTIOMERIC COMPOSITION OF SYNTHETIC FLAVOURING 
AGENTS BY ÏH-NMR SPECTROSCOPY

V. WEINSTEIN, R. I KAN, U. RAVID, E. PUTIEVSKY

ABSTRACT

A s e r i e s  o f  e n a n t io m e r i c a l l y  pure monocyc l ic  m onosubst i tu ted  y - I a c t o n e s  
was s y n t h e s i z e d  s t a r t i n g  from o p t i c a l l y  a c t i v e  g lu tam ic  ac id .  The e n a n t io ­
meric compos i t ion  was examined by 'H-NMR spec t ro scopy  u s in g  the c h i r a l  
so l  v a t ion  reagent [ ( R ) - ( - ) - 2 , 2 , 2 - t r i f l u o r o - 1 - ( 9 - a n t h r y l ) e t h a n o l ].

INTRODUCTION

The s a t u ra ted  five-membered lac tone  r i n g  (bu tano l ide )  i s  the s t r u c t u r a l  

u n i t  o f  numerous natu ra l  p roducts  p o s s e s s i n g  v a r i o u s  b i o l o g i c a l  a c t i v i t i e s  

Many monocyc l ic  s u b s t i t u t e d  b u tano l ide s  were i s o l a t e d  from natura l  sou rce s  

There are,  however, o n ly  few s y n t h e t i c  methods f o r  the p rep a ra t ion  o f  v a r i  

ous ana logues  o f  na tu ra l  b u ta n o l id e s  ( 1 - 5 ) .  Furthermore, the number o f  

s t e r e o s p e c i f i c  routes  l e a d ing  to e n a n t io m e r i c a l l y  pure p roducts  i s  l im i t e d

O p t ica l  a c t i v i t y  o f  b u ta n o l id e s ,  as o f  many natu ra l  p roducts ,  i s  e s se n ­

t i a l  f o r  t h e i r  b i o l o g i c a l  a c t i v i t y  ( 6 - 7 ) .  The purpose  o f  the present  s tudy  

was to s y n t h e s i z e  s t e r e o s p e c i f i c a l l y  d i f f e r e n t  s e r i e s  o f  o p t i c a l l y  a c t i v e  

monosubst i tu ted  monocyc l ic  b u ta n o l id e s ,  in  o rde r  to e va lua te  t h e i r  b i o ­

l o g i c a l  a c t i v i t y .

The o p t i c a l l y  a c t i v e  b u ta n o l id e s  were prepared acco rd in g  to the f o l l o w ­

ing  route (8 ) :

3a : R = alkyl 
3b: R = RjR2n

L-Glutamic acid
I

1

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, I S B N - 13: 978-94-009-5137-2 
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MATERIALS AND METHODS

(S ) - ( + ) - 4 -C a rb o x y - y -b u ty ro la c to n e  (see s t r u c tu ra l  formula).  O p t i c a l l y  

a c t ive  L -g lu tam ic  ac id  (1 mole) was d i s s o l v e d  in  water (400 ml);  concen­

t ra ted  h yd roch lo r ic  ac id  (205 ml) was added and the s o lu t i o n  was cooled 

to 0-5°C. Sodium n i t r i t e  (1.5 mole) in  water (220 ml) was added dropwise 

du r ing  a per iod of  5 h with  magnetic s t i r r i n g .  The react ion  mixture was 

l e f t  ove rn igh t  at room temperature and then l y o p h i l i z e d .  The ye l low  o i l y  

res idue  was c r y s t a l l i z e d  from a mixture o f  ethyl  ace tate -  petro l  e ther,  

y i e l d i n g  52% o f  white c r y s t a l s ,  m.p. 70-72°C, [ a ] ^ 0 = +10.6°C (c = 5.0,  

e th a n o l ).

4-A1kylami noca rbony l -y -bu ty ro lac tones  3b, general procedure. Compound 

2  (1 mole) was gen t ly  re f luxed  with th iony l  ch lo r id e  (2 moles) f o r  2 h. 

Excess of th iony l  ch lo r ide  was d i s t i l l e d  under reduced pressure  y i e l d i n g

S - ( + ) - 4 - c h lo r o c a rb o n y l - y -b u t y ro la c t o n e  (85%).

Alky lamine  (0.2  mole) in  d r ied  d ie thy l  ether (100 ml) was added drop- 

wise with s t i r r i n g  to a cold s o lu t i o n  o f  4 -ch lo ro ca rb o ny l - y -b u t y ro la c to ne  

(0.1 mole) in  d r ied  d ie thy l  ether  (120 ml),  and the mixture was s t i r r e d  

f o r  1.5 h. A f t e r  f i l t r a t i o n ,  the d ie thy l  ether  was d i s t i l l e d  o f f  and the 

res idue  c r y s t a l l i z e d  from ethanol.

4 -A lk y lc a rb o n y l - y -b u t y ro la c to n e s  3a were prepared by react ion  o f  

4 -ch lo ro ca rb o ny l - y -b u t y ro la c to ne  and a l k y l  bromides v ia  a l k y l  cadmium 

compounds.

4 -A1koxyca rbony l - y -bu ty ro lac tones  2 were prepared by reac t ion  o f  ]_ with 

va r iou s  a l c o h o l s ,  u s ing  ca t ion  exchange r e s i n s  as c a t a l y s t s .

Opt ica l  r o t a t io n s  were measured on a Pe rk in -E lm er  Model 531 polar ime- 

ter.  ^H-NMR spectra  were recored in deuterochloroform s o l u t i o n s  on a 

Bruker WH 300 spectrometer.

RESULTS AND DISCUSSION

The p o la r im e t r i c  method i s  w ide ly  used in  determining the enant iomeric  

p u r i t y  o f  many natura l  products.  Th i s  technique could not be adopted in 

the present work due to two reasons:

- most o f  the products  are new, and there i s  no externa l  standard of  

enant iomeric  p u r i t y ;

- the contaminat ion with minute q u a n t i t i e s  of  o p t i c a l l y  a c t iv e  compounds 

may introduce  a s i g n i f i c a n t  e r r o r  in  i t s  value ( 9 ) ,  s ince  the op t ica l  

r o ta t ion  va lues  o f  y -bu ty ro la c tone s  are ra ther  low.
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F ig .  1. NMR spec t ra  o f  eriantiomeri cal l y  pure 4 - i s o p ro p y l  ami nocarbonyl - 
y - b u t y r o l a c t o n e . (a) neat;  (b) in  presence o f  TFAE



142

F ig .  2. NMR spectra  o f  racemic 4 - i sopropy lam i  noca rb o n y l - y -b u ty ro la c to n e . 
(a)  neat; (b) in  presence o f  TFAE
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I t  has been reported  (10 -12 )  tha t  c h i r a l  ( R ) - ( - ) - 2 , 2 , 2 - t r i f l u o r o - 1 - 

( 9 - a n t h r y l ) e t h a n o l  (TFAE) induces spec t ra l  nonequiva lence  between e n a n t io ­

meric  la c tone s .  S u b s t i t u e n t s  on e i t h e r  face o f  the lactone  respond d i f f e r ­

e n t l y  to the s h i e l d i n g  e f f e c t  o f  the a n th ry l  s u b s t i t u e n t  o f  TFAE. The p ro ­

ton s i g n a l s  o f  the racemic m ixture  appear in the NMR spectrum as two 

s p l i t t e d  groups o f  peaks. NMR data o f  e n a n t io m e r i c a l l y  pure and racemic 

4 - i s o p ro p y la m in o c a rb o n y l—y -b u t y ro la c to n e s  (prepared by the same route from 

o p t i c a l l y  i n a c t i v e  g lu tam ic  a c id )  in  the presence o f  TFAE may se rve  as an 

example f o r  i t s  u se fu l  a p p l i c a t i o n  in  the determ inat ion  o f  enant iomer ic  

p u r i t y  o f  the s u b s t i t u t e d  y - l a c t o n e s  prepared by the route s  o u t l i n e d  

above (8)  ( see  F i g s . 1 and 2).

As expected, the NMR spec t ra  o f  the racemic and o p t i c a l l y  a c t i v e  butan- 

o l i d e s  in  absence o f  TFAE were a b s o l u t e l y  i d e n t i c a l .  However, a d d i t i o n  of 

the c h i r a l  s o l v a t i o n  reagent caused s p l i t t i n g  o f  peaks o f  the racemic y -  

l a c ton e s ,  l e a v in g  the spectrum o f  the e n a n t io m e r i c a l l y  pure bu tano l ide  

unchanged. The enant iom er ic  r a t i o  in  the racemic y - l a c t o n e  i s  1 :1.  The 

nonequ iva lence  o f  p rotons  in  d i f f e r e n t  enant iomers i s  observed f o r  the 

p rotons  on the asymmetric  carbon as we l l  as f o r  adjacent protons  and the 

amide moiety o f  the 4 - i s o p ro p y la m i  n o c a rb o n y l - y - b u t y r o I a c t o n e . For  example, 

the proton on the asymmetric  carbon o f  the e n a n t io m e r i c a l l y  pure y - l a c t o n e  

i s  observed as one t r i p l e t  at  4.76 ppm (J = 7.43 Hz),  whereas the a b so rp ­

t i o n  o f  the ana logous  proton o f  the racemic m ixture  i s  s p l i t  i n to  two 

equal t r i p l e t s :  at 4 .48  ppm (J = 7.43 Hz) and 4.57 ppm (J = 7.04,  7 .43  Hz). 

The u p f i e l d  s h i f t s  observed f o r  a l l  proton s i g n a l s  o f  the lac tone  depend 

on the molar  r a t i o  between the TFAE and the s u b s t r a te  (1 ) .
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CONSTITUENTS OF THE ESSENTIAL OIL  OF s a l v i a  s t e n o p h y l l a  -  F IRST  
IDENTIF ICATION OF ( + ) -EP I -a -B ISABOLOL  IN NATURE

E . - J .  BRUNKE, F . - J .  HAMMERSCHMIDT

ABSTRACT

By GC-MS 44 c o n s t i t u e n t s  o f  the e s s e n t i a l  o i l  o f  S a l v i a  s t e n o p h y l l a  
were i d e n t i f i e d .  Myrteny l  methyl e the r  cou ld  be detected f o r  the second 
time and ( + ) - e p i - a - b i s a b o l o l  f o r  the f i r s t  time as n a t u r a l l y  o c c u r r in g  
sub stance s .  The se squ i te rpene  a l c o h o l ,  a - b i s a b o l o l ,  can e x i s t  in  f ou r  
s t e re o i s o m e r i c  forms,  th ree  o f  which have p r e v i o u s l y  been d i sco ve red  in  
nature.  The m i s s i n g  s t e r e o i s o m e r , ( + ) -ep i  —oc—b i s a b o l o l , was i s o l a t e d  from 
the e s s e n t i a l  o i l  o f  s .  s t e n o p h y l l a .

INTRODUCTION

Around 1976 an e s s e n t i a l  o i l  c a l l e d  'E s se nce  S t e n o p h y l l a '  appeared on 

the market. I t  was not  u n t i l  1980 tha t  a b r i e f  d e s c r i p t i o n  o f  i t s  i n g r e d i ­

ents  was pub l i shed  (1 ) .  Thanks to b e t te r  a n a l y t i c a l  t e chn ique s ,  we s u c ­

ceeded in  i d e n t i f y i n g  some a d d i t i o n a l  c o n s t i t u e n t s  and in  r e v i s i n g  some 

o f  the s t r u c t u r e s  a t t r i b u t e d  by Garnero and co-worke rs  (1 ) .

s a l v i a  s t e n o p h y l l a  i s  well  known in  the f o l k  medic ine o f  Southern 

A f r i c a .  So, members o f  the more s o u t h e r l y  So tho - speak in g  c u l t u r e s ,  now 

Lesotho and Botswana, burn the p la n t  in  t h e i r  huts  to  d i s i n f e c t  them a f t e r  

i l l n e s s  and to d r i v e  away bugs.  They a l s o  mix the p la n t  with  tobacco (2 ) .

MATERIAL AND METHODS

The e s s e n t i a l  o i l  was obta ined  by steam d i s t i l l a t i o n  from d r ied  s a l v i a  

s t e n o p h y l l a  (Burch,  ex) B en th . ( L a b ia ta e ) .  s .  s t e n o p h y l l a  i s  a hardy, 

herbaceous,  e re c t  p la n t  which grows w i l d  i n  Southern  A f r i c a .  I t s  quadran­

g u l a r  stem grows to 60 cm in  h e i g h t ;  i t  i s  covered with ve ry  s h o r t ,  s t i f f  

g l a n d u l a r  h a i r s  and a small number o f  s p h e r i c a l  o i l  c e l l s .  I t s  leaves  range 

from narrow and l i n e a r  to e longated  and l a n ce o la te .  They are about 5 x 1  cm, 

p i n n a t i f i e d  to p inna te ,  w ith  up to 10 p a i r s  o f  f i n e l y  s e r r a te d  segments or 

lobe s .  They have a pubescence o f  ve ry  s h o r t  g l a n d u l a r  h a i r s ,  m ost ly  on the 

ve in s  o f  the unde rs ide  o f  the l e a f ,  and a l a r g e  number o f  o i l  c e l l s .  The 

stem c a r r i e s  up to 10 w hor l s  o f  i n f l o r e s c e n c e  w ith  6 -8  f low er s  each. These
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whorls  are s tand ing  15-20 mm from each other  low down on the stem, but 

they are c l o s e r  near the top. The pe ta l s  are pa le -b lue  or p in k i sh ,  s .  

s t e n o p h y i i a  f 1owers through the summer, i . e .  from October to A p r i l .  I t  

grows on sandy or cha lky  s o i l ,  on r i ve rb ank s ,  and in damp h a b i t a t s ,  as 

well as on open g r a s s - l a n d  and savanna. The p lan t  i s  found at an a l t i t u d e  

o f  400-2300 m (3 -5 ) .

The e s se n t ia l  o i l  o f  s .  s t e n o p h y i i a  i s  a s t raw-co lou red,  mobile l i q u id .  

I t s  phys ica l  constants  are:

d24° : 0.9075; n2° : 1.4860;  [ a ] 20 : +3 .8° .

The smell o f  the e s se n t ia l  o i l  (on t e s t  s t r i p s )  i s  f re sh ,  herby,  and cam­

phor ic .  A f te r  a few minutes the odour changes to a f r e s h - s p i c y  complex 

(pepper, c love ,  nutmeg), then a f t e r  a couple o f  hours in to  a h i g h l y  agree­

able,  herby-sweet and sp i c y  f ragrance  (tea,  lavender,  c lo ve s ) .  A f t e r  a day 

i t  leaves a s l i g h t l y  sp icy , sweet ,  and somewhat minty a f te rno te  (hay, tea).

For gas chromatography-mass spectrometry a Hewlett-Packard 5992A was 

used (at  70 eV); column, g l a s s  c a p i l l a r y  (25 m) WG-11; temperature p ro ­

gram, 60-220°C (4°C/min); in j e c t o r ,  250°C; detector  ( F ID ) ,  250°C; c a r r i e r  

gas,  Helium; in jected  amount, 0.1  yl ( s p l i t  1:20).

RESULTS AND DISCUSSION

Fig.  1 shows a gas chromatogram o f  the e s s e n t i a l  o i l  o f  s .  s t e n o p h y i i a ,  

and Table I l i s t s  the c o n s t i tu en t s  i d e n t i f i e d  by GC-MS a n a l y s i s  o f  the 

whole, not f r a c t i o n a l l y  d i s t i l l e d  o i l .  Among a number o f  well  known natura l  

substances two are o f  spec ia l  i n t e r e s t :  myrtenyl methyl ether  and a-  

b i s a b o lo l .  The e ther  has on ly  been found in  hyssop o i l  (6).

F ig .  1. Gas chromatogram of the e s s e n t i a l  o i l  o f  s a l v i a  s t e n o p h y i i a .
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Table  I .  Com pos it ion  o f  the e s s e n t i a l  o i l  o f  s a l v i a  s t e n o p h y i i a . The con ­
s t i t u e n t s  were i d e n t i f i e d  by GC-MS; f o r  c o n d i t i o n s ,  see M a te r ia l  
and Methods;  t r  = t r a ce  (< 0 .03% ) .

Peak No. Compound %

1 T r i  c yc lene 0.2
2 a - P i  nene 3.6
3 Camphene 3.4
4 3 -P i  nene 0.5
5 A3-Carene 20.0
6 Myrcene 6.2
7 a - P h e l 1andrene 0 .3
8 Limonene 3.6
9 3 - P h e l 1andrene 1.0

10 1 . 8 -C i  neole 0 .7
11 ci  s -3 -0c im ene 0.08
12 y - T e r p i  nene 0.1
13 p-Cymene 1.4
14 Terp i  n o l ene 0.1
15 6 -M e thy1hep t -5 -en -2 -one 0.1
16 Myrteny l  methyl e the r 0 .4
17 4 - I s o p ro p e n y l t o !u e n e 0.1
18 t r a n s - S a b i  nene hydrate t r
19 Camphor 3 .3
20 L i n a l o o l 0 . 4
21 c i s - S a b i n e n e  hydrate 0 .03
22 Bergamotene 0 .7
23 3 -C a r y o p h y l1 ene 1.0
24 Myrtenal 0.06
25 E -3 -Fa rne sene 0 .2
26 a-Humulene 0 .2
27 a -T e rp in e o l 0 .2
28 Borneol 1.0
29 3 -B i  s a b o l ene 0.6
30 6-Cad i  nene 0.1
31 y -C a d i  nene 0.09
32 ar-Curcumene 0 .1
33 Myrtenol 0.1
34 p-Cymen-8-ol 0 .2
35 Calamenene t r
36 Geranyl acetone t r
37 a -C a la co rene 0 .1
38 C a r y o p h y l1 ene epox ide 0 .3
39 E - N e r o l i  dol 1.5
40 Humulene epox ide  I I 0 .06
41 Spa thu leno l 0 .1
42 a - B i s a b o l o l  ox ide  B 1.1
43 a -B i  s a b o lo l 29.8
44 Manool 2.9
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Determination of  the s t ru c tu re  o f  ( + ) - e p i - a - b i s a b o l o l , _4

Having two ch i ra l  cente r s ,  a - b i s a b o lo l  has four  p o s s ib le  s te reo isom ers ,  

three o f  which — compounds l_, 2_ and _3 — have p re v io u s l y  been d i scovered  

in  nature (7 ) .  The s t r u c tu re  o f  ( - ) - a - b i s a b o lo l  , 1_, the p r in c ip a l  a c t ive  

substance o f  chamomile o i l ,  was found by X - ray  s t r u c tu ra l  a n a l y s i s  of  a 

c r y s t a l l i n e  d e r i v a t i v e  and by p a r t i a l  s y n t h e s i s ,  u s ing  ( - ) - ( $ ) - ! imonene 

as s t a r t i n g  mater ia l  (8 -11 ) .

Babin e t  a l .  (9) synthe s ized  the epimers 1_ and ;2 by p rén y la t ion  of  

( - ) - l im onene ,  and the epimers 3_ and 4_ from ( + ) - l im onene , both with  re ten ­

t io n  o f  c o n f i g u ra t io n  on the r in g  ( F ig .  2).  The epimers were separated by 

chromatography o f  t h e i r  p -n i t r ob e n zo a te s . These authors (9) adopted a 

nomenclature based on ' sesquimenthane1 numbering and the R,S-nomenclature 

f o r  the ch a ra c te r i z a t io n  o f  the s te re o che m is t r y . We are u s ing  the same 

nomenclatures in t h i s  paper. The s te reo i som er ic  b i s a b o l o l s  _l-4 cannot be 

d i s t i n g u i s h e d  by t h e i r  GC re ten t ion  behaviour  on the a ch i r a l  columns in 

general  use today, or by t h e i r  mass spectra .  Thus f o r  determinat ion  of  

t h e i r  r e l a t i v e  or abso lu te  c o n f i g u r a t i o n s , the a - b i s a b o lo l  s te reo isomers  

have to be i s o l a t e d  from e s se n t ia l  o i l s  o r  s i m i l a r  m ixtures.

The r e l a t i v e  c o n f i g u ra t io n  o f  the isomers on and Cg can be de te r ­

mined by spectroscopy  (9, 10). For ( - ) - a -  and ( + ) - a - b i s a b o l o l  , 1

and .3, the t e r t i a r y  methyl group on Cg g ive s  a s i n g l e t  a t  6 = 1.10 ppm, 

wh i le  f o r  ( - ) - e p i - a -  and ( + ) - e p i - a - b i s a b o l o l , 2  and 4, t h i s  s i g n a l  appears

at 6 = 1.13 ppm. The r e l a t i v e  c o n f i g u ra t io n  o f  the b i s a b o l o l s  can a l s o  be 
13demonstrated by C-NMR spectroscopy  (Table I I ) .

F ig .  2.

(-)-Limonene

(+)-Limonene

Syn the s i s  o f  b i s abo lo l

(~)-oc-Bisabolol 
[4S, 8S]

(+)-<*- Bisabolol 
U R . 8R]

epimers (9).

(-) -epi-oc-Bisabolol 
U S .  8R)

i+l-epi-it-Bisaboioi 
U R .  8S]
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Table  I I .  C-NMR data o f  the b i s a b o l o l s .  A = data obta ined  in  the p re sent  
s tu d y ;  B = data from the l i t e r a t u r e  (7 ) .

13

10

a -B i  s a b o lo l  
A B

M u l t i p l i c i t y C-atom epi -a - l  
A

Bi s abo lo l  
B

17.66 17.65 q C-15 17.63 17.64
22.20 22.23 t C - l l 22.42 22.39
23.20 33 q C-7 ? 23.32 22.82
23.35 q 0 1 0 23.90 23.33

23.35 23.45 t C-5 24.18 24.12

25.69 25.68 q C-14 25.69 25.69
27.05 27.04 t C-3 26.23 26.21

31.17 31.19 t C-6 31.23 31.19
40.32 40.32 t C-9 39.62 39.55

43.16 43.21 d C-4 43.53 43.50

74.12 74.15 s C-8 74.09 74.22
120.80 120.70 d C-2 121.10 121.00
124.92 124.91 d C-12 124.98 124.85
131.22 131.32 s C-13 131.14 131.44
133.86 133.91 s C - l 133.46 133.64

As shown in  Table  I I I ,  the epimer p a i r s  l_-2_ on one hand and 2.-£  on the 

o the r ,  each g i v e  very  s i m i l a r  s p e c i f i c  r o t a t i o n s .  Thus i t  i s  b e t te r  to 

a r r i v e  a t  the a b so lu te  c o n f i g u r a t i o n s  by a combinat ion  o f  NMR data and 

s p e c i f i c  r o t a t i o n s .

The se sq u i te rp en e  a lcoho l  which goes to  make up some 30% o f  the e s se n ­

t i a l  o i l  o f  s .  s t e n o p h y i i a , g i v e s  a mass spectrum a lmost  i d e n t i c a l  to  th a t  

o f  ( - ) - a - b i s a b o l o l . For  de te rm ina t ion  o f  i t s  r e l a t i v e  and ab so lu te  con­

f i g u r a t i o n  the compound was i s o l a t e d  by f r a c t i o n a l  d i s t i l l a t i o n  o f  1 kg 

o f  the e s s e n t i a l  o i l  — s u p p l ie d  by C a v a l l i e r  F r è r e s ,  G ra s se ,  France — on 

a i m  g l a s s -p a c k e d  column. The 1H-NMR spectrum o f  the a - b i s a b o l o l  isomer 

i s o l a t e d  showed the 8 -ep i  form to be p re sent .  S in ce  the compound, ind ica ted  

by GC as 99.9%  pure, was d e x t r o r o t a t o r y , [ a ] ^ =  +67 .4° ,  i t  had to be ( + )-  

e p i -oc -b i sabo lo l  , _4. Thus, a l l  f o u r  s te reo i som er s  o f  a - b i s a b o l o l  have now 

been shown to occur  in  nature.
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Table I I I .  C on f igu ra t ion s»  s p é c i f i e  r o t a t io n s  and natural  occurrences of 
the a - b i s a b o l o l s . ( * )  = présent study.

S t e re o ! somer C on f igu ra t i  on [a] 20
D Naturai occurrence

( - ) - a - b i s a b o l o l , 1 4S,8S -68.4°
-57.7°

(9)
(7)

M a t r i c a r i a  ch a m om iI la  
V a n i l l o s m o p s is  e r y -  
th rop a p p a

( - ) - e p i - a - b i s a b o l o l , 2 4S,8R -68.9° (7) Myoporum c r a s s i  -
f o l i u m  (12, 13)

( + ) - a - b i s a b o l o l , 3 4R,8R +54.9°
+51.7°
+53.8°

(7) 
(14)
(8)

P o p u lu s  b a ls a m i ­
f e r a  (buds)
A t a l a n t i a  m on op h y I la  
c o r r e a

( + ) - e p i - c x -b i s a b o lo l , 4 4R,8S +67.4° (* ) S a lv i a  s t e n o p h y l l a  ( *)

ACKNOWLEDGEMENTS

We l i k e  to express our thanks to P ro f .D r .  A. Nahrstedt,  Technical  U n i ­
v e r s i t y  of Braunschweig, FRG f o r  h i s  kind a s s i s t a n c e  on botan ica l  a spects ,  
to Mr. W. Rojahn f o r  the d i s t i l l a t i o n  of the o i l ,  to P ro f .D r .  H.M.R. Ho f f ­
mann, U n i v e r s i t y  of Hannover, FRG f o r  the NMR ana ly se s ,  and to Mrs. B. 
Kohlenberg and Mrs. A. Lückhoff  f o r  record ing  the mass spectra .

REFERENCES

(1) Jequ ie r  D, N i c o l l i e r  G, Tabacchi R, Garnero J. 1980, Phytochemistry 
19:461.

(2) Watt JM, Breyer-Brandwijk  MG. 1962, The Med ic ina l  and Poisonous P lants  
of  Southern and Eastern A f r i c a ,  2nd e d i t i o n ,  Edinburgh/London, E. & S. 
L i v in g s to n e  Ltd.,  p. 527.

(3) Bentham G. 1832-1836, Labiatarum Genera et Spec ie s ,  London, James 
Ridgway & Sons, p. 306.

(4) De Candolle A. 1848, Prodomus Systematis  N a tu ra l i s  Regni V e g e t a b i l i s ,  
Part  12, P a r i s ,  V ic to r  Masson, p. 353.

(5) Hedge IC. 1974, Notes R. Bot. Gard. Edinburgh 33 ,No.1:77.
(6) Jou la in  D. 1976, R i v i s t a  I t a l i a n a  E.P.P.O.S.  58:479.
(7) Flaskamp E, Nonnenmacher G, I saac  0. 1981, Z. Natur fo rsch .  36b:114; 

co r re c t ion ,  Ib id .  36b:526.
(8) Prangëe Th, Babin D, Fourneron J-D, J u l i a  M. 1979, C. R. Acad. Se i.  

P a r i s  Ser.  C 383.
(9) Babin D, Fourneron J-D, J u l i a  M. 1981, Tetrahedron 37:1.

(10) Schwartz MA, Swanson GC. 1979, J. Org. Chem. 44:953.
(11) Iwash i ta  T, Kusumi T, Kakisawa H. 1979, Chem. Lett.  947.
(12) O 'B r ie n  KG, Penfold AR, Werner RL. 1953, Au st r .  J. Chem. 6:166.
(13) O 'B r ie n  KG, Penfold AR, Suther land  MD, Werner RL. 1954, Aust r .  J.

Chem. 7:298.
(14) Sorm F, Vrány M, Herout V. 1952, Chem. L i s t y  46:364.



151

GC-MS ANALYSIS OF THE ESSENTIAL O IL  OF m e r i a n d r a  b e n g h a l e n s i s

M. BRUNO, G. MELLERIO, F. P IOZZ I ,  P. V IT A -F IN Z I

ABSTRACT

M e r ia n d ra  b e n g h a le n s is  (Roxb.)  Benth . (Lab ia tae )  i s  a l e a f y  shrub known 
s in c e  a long time to g ive  an e s s e n t i a l  o i l  r i c h  in  (+)-camphor.  By GC-MS 
we cou ld  i d e n t i f y  seven monoterpene hydrocarbons and seventeen oxygenated 
monoterpenes; the se squ i te rpene  content was very  low: t r a ce s  o f  three 
hydrocarbons,  two a l c o h o l s  (MW 222) and some unknown compounds (MW 220).

INTRODUCTION

M e r ia n d ra  b e n g h a le n s is  (Roxb.)  Benth. (Lab ia tae )  i s  a l e a f y  shrub (1-

1.5 m he igh t )  growing on the h igh land s  o f  the Horn o f  A f r i c a  and in  In d ia .  

The spec ie s  Was sometimes named S a lv i a  b e n g h a le n s is  Roxb.,  S . a b y s s in i c a  

R. Brown and s .  s c h im p e r ia n a  Hoechst ex Benth . ;  i t  i s  a c c l im a t i z ed  s in ce  

60 y e a r s  in  the Botan ic  Garden of  the U n i v e r s i t y  o f  Palermo ( I t a l y ) .

The p la n t  was known s in ce  a long time to g ive  an e s s e n t i a l  o i l  r i c h  in 

(+)-camphor ( 1 - 3 ) ;  experiments have been performed f o r  an i n d u s t r i a l  i s o ­

l a t i o n  o f  t h i s  compound, but they never a t t a in ed  to p roduct ion .  The leaves  

are w ide ly  used as food a rom at ize r  and in  popu la r  medic ine,  in  the same 

manner as sage leaves .  Bes ides  the e s s e n t i a l  o i l ,  the a e r i a l  p a r t s  conta in  

t r i t e r p e n e s ,  f l a von e s  and seve ra l  new se squ i te rpenes  (4 ) .  O lder s t u d ie s

(5) on the e s s e n t i a l  o i l  suggested  the occurrence o f  small amounts o f  1 .8-  

c in eo le  and camphene, in  a d d i t i o n  to camhor, the main component.

We repo r t  here on the compos it ion  o f  the e s s e n t i a l  o i l  o f  m . b e n g h a le n ­

s i s , obta ined from f re sh  leaves  harvested  in  Palermo.

MATERIAL AND METHODS

Fresh  leaves o f  m . b e n g h a le n s is  (1200 g ) ,  c u l t i v a t e d  in  the Botan ic  

Garden o f  Palermo and harvested  in  November 1983, were minced and sub ­

jected  to steam d i s t i l l a t i o n .  The y e l l o w i s h  o i l  c o n t a in in g  white  c r y s t a l s  

o f  (+ )-camphor,  was separated  by means o f  a p ip e t te ,  d r ied  over  anhydrous 

sodium s u l f a t e  and kept in  a sea led  v i a l  under N i t rogen ;  y i e l d  4.5 g

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, IS B N  13: 978-94-009-5137-2 
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(0.375%).

Fresh leaves co l le c ted  in  June 1980 gave a somewhat h ighe r  percentage 

o f  e s se n t i a l  o i l  and of  c r y s t a l s  of  camphor (0 .45%);  part  of  the c r y s t a l s  

was f i l t e r e d  from the aqueous layer .  The content o f  camphor was estimated 

as 82% of  the o i 1.

(+)-Camphor was i d e n t i f i e d  by m.p., IR ,  [ a ] D, and preparat ion  o f  d e r i v a ­

t i v e s  (semicarbazone, 2 ,4 -d in i t r op h e ny lh yd ra zo ne ) .

The o i l  (4.5  g) was brought onto a column o f  s i l i c a  gel (50 g) mixed 

with cyclohexane; three f r a c t i o n s  were e luted  to separate  hydrocarbons 

from oxygenated compounds: A) 200 ml cyclohexane, 0.7  g; B) 200 ml c y c lo -  

hexane-ethyl  acetate 85:15, 3.5 g; C) 200 ml ethyl  acetate, 0 .2  g.

The e s s e n t i a l  o i l  and the f r a c t i o n s  were subjected to GC-MS u s ing  a 

gas chromatograph Vari an 2700 connected ( g la s s  j e t )  with a mass sp e c t ro ­

meter DuPont 21492B equipped with a data system Hewlett-Packard 2109A. 

Packed columns:

- s i l a n i z e d  g l a s s  (3 m x 2 mm i . d . ) ,  packed with 2% OV-225 on Gas Chrom Q 

(60-80 mesh); column temperature, 50-150°C (4°C/min) and then 150-250°C 

(8°C/min); i n j e c t o r ,  250°C; in te r face  ( l i n e  and j e t ) ,  250°C; MS source, 

210°C; c a r r i e r  gas,  Helium, 15 ml/min;

- s i l a n i z e d  g l a s s  (1 .8  m x 2 mm i . d . ) ,  packed with 5% SP-2100 + 0.1% SP-401 

on Supelcoport  (100-120 mesh); column temperature, 60-140°C (4°C/min) 

and then 140-210°C (12°C/min); i n j e c t o r ,  220°C; i n te r f a c e ,  240°C; MS 

source,  250°C; c a r r i e r  gas,  Helium, 30 ml/min.

C a p i l l a r y  GC ana lyses  were run on a GC-MS system Finnigan-MAT 1020B. 

Column: fused s i l i c a  (25 m x 0.30  mm i . d . )  coated with 0V-1 ( f i lm  t h i c k ­

ness 1 -1.5  urn); column temperature, 40-250°C (6°C/min); i n j e c t o r ,  250°C; 

in te r fa ce ,  250°C; MS source, 70°C; c a r r i e r  gas,  Helium, 1 ml/min.

RESULTS AND DISCUSSION

The terpenes i d e n t i f i e d  are l i s t e d  in  Table I accord ing  to i n c re a s in g  

re ten t ion  times on the SP-2100 + SP-401 GC column, and t h e i r  occurrence 

in the d i f f e r e n t  chromatographic f r a c t i o n s .  As above, (+)-camphor i s  

l a r g e l y  the main con s t i tu en t  o f  the e s se n t ia l  o i l  o f  m . b e n g h a ie n s i s . 

Therefore we cons idered  i t  u se le s s  to g ive  the r e l a t i v e  percentages of 

the other,  minor,  c o n s t i t u e n t s ;  t h e i r  r e l a t i v e  amounts are ind ica ted  by 

c r o s s e s .

The mass spectra  recorded were compared by computerized methods with
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Table  I .  Components detected in the e s s e n t i  al oi 1 Of M e r landra . ben gh a .len —
s i s  u s in g  an SP-2100 + SP- 401 GC column. a = i d e n t i f i e d  on an
OV-225 GC column; A, B and C = f r a c t i o n s c o l l e c t e d  by column
chromatography; f o r  d e t a i l s ,  see Mateř i  al and Methods ; t r  = t race

GC columns
M o lecu la r Packed Capi 11 ary

Compound wei ght Amount O il A B C Oil

Tr i  cyc lene 136 + X X X
a-P inene 136 ++ X X X
Camphene 136 X X X
0 -P i  nene 136 ++ X X X
Myrcene (a) 136 t r X X
Limonene (a) 136 t r X
p-Cymene 134 t r X X
1 .8 -C in e o le 154 ++ X X X X X
No terpene ( l a c t o n e ? ) t r X X
Camphenilone 138 t r X X
a-Campholene aldehyde (a) 152 t r X
Camphor 152 X X X X X
p-Cymen-8-o l  (a) 150 t r X
Carveol 152 t r X
Borneol 154 ++ X X X
Terpi  nen-4 -o l 154 + X X X X
Myrtenal 150 X X
a -Te rp i  neol 154 + X X X
Myrtenol  (a) 152 t r X X
Verbenone (a) 150 + X
Unknown 152 t r X X
Cumin aldehyde 148 t r X
Bornyl  acetate 196 + X X X
Carvone 150 + X X
Pi peri  tone 152 + X X
I sobo rn y l  acetate 196 t r X X
cx-Gurjunene 204 t r X
0 -Caryophy l  lene 204 t r X
Humulene 204 t r X
Unknown 220 + X X X X
Unknown 220 + X X X X
Unknown 220 + X X
Unknown 220 + X X X
Unknown 220 ++ X X
Unknown 220 X
Caryophy l lene  oxide 220 t r X X
P a lu s t r o l 222 ++ X X X X
0-Eudesmol 222 +++ X X X
Unknown 218 t r X
Unknown 234 X X
Unknown 220 X
Hydroxycalamenene ( ? ) 218 X X
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those present  in  our  own f i l e s  and with those in commercial l i b r a r i e s  (6, 

7).  The spectra  were a l s o  compared with  those in the l i t e r a t u r e .  In some 

cases we could compare the GC re ten t ion  times with  those o f  authent ic  

samples.

I t  i s  noteworthy that  the main monoterpenes are s t r i c t l y  re la ted  to 

camphor (camphene, borneol and i t s  acetate,  camphenilone and campholene 

aldehyde) or  are b i c y c l i c  monoterpenes o f  the pinane group (a- and (3- 

pinene, m yr teno l , m y r tena l , verbenol and verbenone). However, many other  

monocycl ic  monoterpenes were id e n t i f i e d .

The oxygenated d e r i v a t i v e s  ( a l c o h o l s  and carbonyl compounds) seem to 

be c h a r a c t e r ! s t i c  f o r  the a l l y l i c  oxydat ion.

Sesquiterpene  hydrocarbons are almost  absent. Only (3-caryophyl l e n e , 

humulene and a-gurjunene were i d e n t i f i e d .  Among the a lcoho l s  on ly  (3- 

eudesmol and p a lu s t ro l  (or a s t r i c t l y  re la ted  a lc oh o l )  could be id e n t ­

i f i e d  so fa r .
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ESSENTIAL O ILS OF ISRAEL I  WILD SPEC IES  OF LABIATAE 

U. RAVID, E. PUTIEVSKY

ABSTRACT

The e s s e n t i a l  o i l s  o f  s i x  w i ld  I s r a e l i  spec ie s  o f  the Lab ia tae  fam i ly  
were s tud ied .  The main components in  the o i l s  o f  M a jo ra n a  s y r i a c a ,  C o r id o ­
thymus c a p i t a t u s ., S a t u r e ja  th y m b ra , S a l v i a  f r u t i c o s a ,  S a l v i a  d o m in ic a  
and M ic r o m e r ia  f r u t i c o s a  were i d e n t i f i e d .  Two pheno l ic  chemotypes, one 
co n ta in in g  thymol, the o the r  one c a r v a c r o l ,  were found in  M a jo ra n a  s y r ia c a  
and C o r id o th y m u s  c a p i t a t u s .  The h y d r o d i s t i 11ed o i l s  were ana lyzed  by means 
o f  GLC and GC-MS. I d e n t i f i c a t i o n  o f  i n d i v i d u a l  compounds i s o l a t e d  from the 
o i l s  by f r a c t i o n a l  d i s t i l l a t i o n  and p rep a ra t i ve  GC was c a r r i e d  out by IR 
s p e c t r o s c o p y .

INTRODUCTION

Many sp e c ie s  o f  the Lab iatae  fam i ly  are aromat ic  and o ften  used as 

herbs and s p i c e s  in  f o l k  medic ine,  and as a source  o f  f r a g r a n t  chemicals  

(1, 2 ) .  There are 33 genera o f  the Lab ia tae ,  i n c l u d in g  180 sp e c ie s ,  grow­

ing  w i ld  in  I s r a e l  (3 ) .  Some o f  them are c o l l e c t e d  by loca l  fa rmers .  The 

p h e n o l - c o n ta in in g  sp e c ie s ,  M a jo ra n a  s y r i a c a , C o r id o th y m u s  c a p i t a t u s  and 

s a t u r e j a  th y m b ra , are popu la r  se a son in g s  in  the M idd le  E a s t  (A).  Leaves 

o f  s a l v i a  f r u t i c o s a  and M ic r o m e r ia  f r u t i c o s a  are used in  herbal and med­

i c i n a l  tea p rep a ra t ion s  (3,  5, 6 ) .  On the wor ld  market s a l v i a  f r u t i c o s a  

i s  used as a s u b s t i t u t e  o r  a d d i t i v e  to S a l v i a  o f f i c i n a l i s .  The e s s e n t i a l  

o i l  d i s t i l l e d  from the i n f l o r e s c e n c e  o f  S a l v i a  d o m in ic a  has a p lea san t  

aroma and i s  r i c h  in  monoterpene a l c o h o l s .

MATERIALS AND METHODS

P la n t  m a te r i a l :  Dur ing  the y e a r s  1979-1983 a few hundred p lan t s  o f

M a jo ra n a  s y r i a c a , C o r id o th y m u s  c a p i t a t u s , S a t u r e ja  th y m b ra , S a l v i a  f r u t i c ­

o s a ,  S a l v i a  d o m in ic a  and M ic r o m e r ia  f r u t i c o s a  were t r a n s f e r r e d  from se v ­

e ra l  w i ld  p o p u la t io n s  in  Centra l  and Northern  I s r a e l  to an experimental  *

*  C o n t r i b u t i o n  from the A g r i c u l t u r a l  Research O rg a n iz a t io n ,  The Vo lcan i  
Center,  Bet Dagan, I s r a e l .  No. 1161-E, 1984 S e r i e s .

A. Baerheim Svendsen and J.J.C. Scheffer (eds), EssentiaI oils and aromatic plants, ISBN-13: 978-94-009-5137-2 
©  1985 Martinas N ijhoff/D r W. Junk Publishers, Dordrecht, The Netherlands
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f i e l d  a t  the Newe Y a ' a r  A g r i c u l t u r a l  Experiment S ta t ion .  Seeds o f  a com­

mercial v a r ie t y  o f  S a lv i a  s d a r e a  rece ived from England were sown in  rows 

in the autumn of 1982 and the mature i n f lo re scence s  were d i s t i l l e d  in  the 

summer o f  1983.

I s o l a t i o n  o f  the e s se n t ia l  o i l :  the f re sh  p lant  material  was steam- 

d i s t i l l e d  f o r  2.5 h in  a 130 1 d i r e c t  steam p i l o t  p lan t  apparatus.  The 

i s o l a t e d  o i l  was dr ied  over anhydrous sodium su l f a t e  and stored  at 4-6°C.

Gas l i q u i d  chromatography: the ana ly se s  were ca r r ie d  out u s ing  a 

Var ian  3700 gas chromatograph equipped with  F ID ,  and a Hewlet-Packard 

3390A in te g ra to r .  F rac t ion s  were co l lec ted  in  a modif ied B row n lee -S i1ver-  

s t e i n  thermal g rad ien t  c o l l e c t o r .  Two packed columns (3 m x 4 mm i . d . )  

were used, one packed with  5 % Carbowax 20M on ac id  washed,, s i l a n i z e d  

Chromosorb W (80-100 mesh), the other  with  6 % 0V-17 on ac id  washed, s i l a n  

ized Chromosorb W (60-80 mesh). Operating c ond i t ion s :  i sothermal 70°C, 2 

min, then 70-210°C (6°C/min) and isothermal 3 min; c a r r i e r  gas,  N i t rogen ,  

30 ml/min; in j e c t io n  volume, 0.1 y 1.

I d e n t i f i c a t i o n  o f  components: re ten t ion  times o f  in d iv id u a l  components 

were compared with  those o f  au thent ic  samples on both columns. GC-MS was 

performed u s ing  a computerized F inn igan  4000 system and fused s i l i c a  cap­

i l l a r y  columns (25 m) coated with 0V-1 and C-Wax 20M; c a r r i e r  gas,  Helium, 

5 ml/min; IR spectra  were obtained from samples d i s s o l v e d  in  ca rbonte t ra -  

ch lo r id e ,  u s ing  a Perk in -E lm er  298 apparatus.

RESULTS AND DISCUSSION

The s i x  p o t e n t i a l l y  va luab le  spec ie s  are nat ive  perennial  p lan t s  in the 

h i l l y  reg ion s  o f  Northern I s r a e l  (7).  Two spec ie s ,  M ajora na  s y r ia c a  and 

S a lv ia  f r u t i c o s a , c o l le c ted  from w i ld  popu la t ions  or c u l t i v a te d ,  are ava i l  

able commerc ia l ly . The s i x  spec ie s  can be d iv ided  in to  three groups:  the 

pheno l -con ta in ing  spec ie s ,  the S a lv i a  spe c ie s ,  and M ic r o m e r ia  f r u t i c o s a .

About 20 components, rep re sen t ing  94 .3 -98 .8  % o f  the o i l s ,  were id en t ­

i f i e d .

The pheno l -con ta in ing  spec ie s  (Majorema s y r i a c a ,  C o r id o th y m u s  c a p i t a t u s  

and s a t u r e ja  th ym bra ) are co l le c ted  in  the w i ld  by loca l  farmers when they 

s t a r t  to f lower.  The dr ied  leaves ,  c a l le d  " z a a ta r "  in  A rab ic ,  together  

with  s a l t ,  sesame seeds and f r u i t s  of  the tree  Rhus c o r i a r i a , c o n s t i t u te  

a popular  seasoning in  the M iddle  East  (4).

Two chemotypes, one con ta in ing  thymol and the other  c a r vac ro l ,  were 

found in  m . s y r ia c a  and in c. c a p i t a t u s ' ,  in  s.  thymbra  on ly  the c a r va c ro l -
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type was found. (Table  I ) .  The two b i o s y n t h e t i c  p re cu r so r s  o f  the phenols,  

y - te rp in en e  and p-cymene ( 8 ) ,  were a l s o  found in h igh concentra t ion  in the 

three spec ie s .  In  the la te  growth s tage ,  the concen tra t ion  o f  ca rvac ro l  

(59.4%)  in  s .  thym bra  was h igh e r  than in  the e a r l y  growth stage  (11.8%).  

Young leaves  o f  m . s y r i a c a  are a l s o  known to conta in  sm a l le r  amounts of 

thymol and ca rvac ro l  than o ld e r  leaves  (2 ) .  In  the thymol-type o f  c. c a p -  

i t a t u s  the concentra t ion  o f  thymol du r ing  the la te  growth stage  (52.6%) 

was h ig h e r  than in  the e a r l y  s tage  (39.3%).  The h ighe s t  phenol content was 

found in  m . s y r i a c a :  56.7% in  the thymol-type and 52.6% in  the c a r v a c r o l -  

type.  s .  thym bra  conta ined the h i g h e s t  amount o f  the major monoterpene 

hydrocarbons,  y - te rp in e n e  and p-cymene (58.7%).

Table I .  Percentage o f  the components of  the e s s e n t i a l  o i l  from three
ph en o l - c on ta in !n g  spec ie s  in  an e a r l y  s tage  o f  growth, t r  = trace 
(< 0 J % ) .

Compound M a jo ra n a  s y r ia c a

thymol ca rvac ro l  
- type  - type

C o r i  do thymus
c a p i  ta  tu s

thymol ca rvac ro l  
- type  - type

S a t u r e ja
thym bra

ca rvac ro l
-type

a -P i  nene 2.3 3.4 2.9 2.6 4.2
Camphene 0.1 0.2 0.3 1 .2 0.3
3 - Pi nene 0.2 0.2 0.3 0.2 0.5
Sabi nene t r t r 0.2 t r 0.3
A3-Carene 0.1 0.2 0.1 t r 0.1
Myrcene 2.9 2.7 3.0 2.2 3.3
cx-Terpinene 2.8 2.5 3.2 1.9 3.7
Limonene 0.4 0.2 0.7 0.2 0.7
1 .8-C i  neole 0.3 0.2 0.6 0.6 0.3
y -T e rp i  nene 14.5 13.0 19.4 14.7 45.8
p-Cymene 13.1 19.7 6.0 13.6 12.9
Camphor t r 0.5 t r 0.5 0.1
L i n a l o o 1 0.2 t r 1 .0 2.5 0.6
T e rp inen -4 -o l 0.6 1 .0 0.8 3.0 0.4
3 -Ca ryophy l lene 2.2 1.6 5.0 5.1 5.3
Borneol 0.7 0.2 1.2 2.0 0.5
Thymol 41.1 12.4 39.3 8.1 6.7
Carvacro l 15.6 40.2 12.7 34.8 11.8

97.1 98.2 96.7 93.2 97.5

Over 70% o f  the spec ie s  o f  O riganum  are found in the Mediterranean 

b a s in  (9 ) .  B r ie s k o rn  and Brunner (10) reported  that  the main components 

in  o .  maru (= M a jo ra n a  s y r i a c a )  were ca rvac ro l  (43 .7% ) ,  thymol (30.9%) 

and p-cymene (11 .3% ) .  Z a i t s c h i k  and Levon t in  (11) found that  thymol was 

the main component in  the o i l ,  and F l e i s c h e r  et a l . (12) reported  the 

e x i s ten ce  o f  two pheno l ic  chemotypes.
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Origanum m a jo rana  from Turkey conta in s  65.1% carvacro l  and 3.9% thymol

(13) , whi le  o .  smyrnaeum o f  Tu rk i sh  o r i g i n  conta ins  carvacro l  (72% and 

64%) and thymol (0.4% and 0.6%) (14).  C a l z o la r i  et a l .  (15) reported that 

Tu rk i sh  origanum o i l  contained 83.1% carvacro l  and 0.9% thymol. 73.6% c a r ­

vacrol  and 0.4% thymol were found in c o r id o th y m u s  c a p i t a t u s  o f  Greek o r i ­

gin (16).

By choos ing the r i g h t  chemotype or  cu t t in g  leaves o f  d i f f e re n t  ages,  i t  

i s  p o s s ib le  to contro l  the o rgano lep t ic  characters  and the content of  

phenols of  commercial origanum, thyme and savory  e s se n t ia l  o i l s .

s a l v i a  i s  a large  genus con ta in ing  about 900 spec ie s .  Among the S a lv ia  

spec ie s  growing w i ld  in I s r a e l ,  s .  f r u t i c o s a  (= s .  t r i l o b a )  and 5. d o m in ica  

are o f  great  importance as potent ia l  sources fo r  commercial herbs and e s ­

se n t ia l  o i l s .  s .  f r u t i c o s a  i s  a nat ive  shrub in the Mediterranean bas in ,  

1 -1 .5  m high, which f lowers  from March t i l l  June. Tea prepared from f resh  

or  dr ied  leaves i s  commonly used as a remedy fo r  stomach pa in s ,  coughs and 

colds (3, 5, 6 ). The main components in the o i l  d i s t i l l e d  from leaves are 

1 .8 - c in e o le ,  camphor, a-p inene, p-pinene, borneol and p -ca ryop hy l 1 ene.

The amounts o f  a -  and p -thujone,  the major components in s .  o f f i c i n a l i s , 

were below 0.1%. The p roport ion  o f  the monoterpene hydrocarbons in  the 

o i l  was 28.4% (Table I I ) .

Table I I .  Composition o f  the e s s e n t ia l  o i l  from s a l v i a  f r u t i c o s a . 
t r  = trace (< 0 . 1 %).

Compound % Compound %

a-Thujene t r t r a n s - p - 0 cimene t r
a-P inene 6.3 p-Cymene 0 . 8
Camphene 6.9 Terpinolene 0.3
P-Pi  nene 5.9 a-Thujone t r
Sabi nene t r p-Thujone t r
Myrcene 4.1 Camphor 13.0
a-Terpinene t r Bornyl acetate 1 . 1
Limonene 2.9 p -C a ryphy l1ene 3.0
1 .8 -C ineo le 46.9 a-Humulene 1 . 0

ci s - B - 0 cimene t r Borneol + 6 4
y-Terpinene 1 . 2 Terpinyl  acetate

98.8

The e s se n t ia l o i l  of  a spontaneous hybr id  o f  s .  f r u t i c o s a and s .

o f f i c i n a l i s  W3S found to have a unique composition (17) : 1.8--c ineo le  ( 2 0 %)

camphor (19%),  a -  and p-thujone (16%) were the main components. The o i l  

obta ined by steam d i s t i l l a t i o n  from f r e s h l y  cut leaves  of  5. f r u t i c o s a
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was a c o l o u r l e s s  l i q u i d  w ith  a harsh ,  s p i k e  rosemary, cam phor- l ike  odour 

(1 8 ) .  B u l l  e t  a l .  (14)  found tha t  s .  f r u t i c o s a  o i l  from Turkey  was r i c h  

in  1 . 8 - c i n e o l e  (42% ),  camphor (9% ) ,  8 - ca ryophy l  lene ( 8 %) and (â-pinene (5 .5% ) ;  

i t  grows w i l d  in S i c i l y ,  Greece, Turkey,  Lebanon and A l g e r i a .  D a l f e r th  (19) 

reported  tha t  the major components o f  the e s s e n t i a l  o i l  o f  Greek o r i g i n  

were 1 . 8 - c i n e o l e  (64%),  camphor ( 8 %) ,  3 -p inene  (8 %) and a -  and f - t h u jo n e  

(5%).  The e s s e n t i a l  o i l  from commercial leaves  con ta in  27 .6 -54 .1%  1 .8 -  

c ineo le  (2 0 ) .  T h i s  compound was a l s o  found in  h igh  concen t ra t ion  in some 

North American S a l v i a  s p e c ie s  (21 ) .

s a lv ia ,  d o m ln ic a  ( = s .  g r a v e o i e n s ) i s  a s t r o n g  sm e l l i n g  p la n t  growing 

w i l d  in  cha lk y  h i l l s ;  the i n f l o r e s c e n c e s  and the leaves  are r i c h  in  e s se n ­

t i a l  o i l .  The odour and com pos i t ion  o f  the o i l  resemble the o i l  d i s t i l l e d  

from the i n f l o r e s c e n c e s  o f  s .  s d a r e a  (Table  I I I ) .  The monoterpene hydro ­

carbons are found in  low concen t ra t ion  in  the o i l  ( 6 .5 % ) .  The o i l  i s  r i c h  

in  monoterpene a l c o h o l s  and t h e i r  a ce ta te s .

Table  I I I .  Pe rcentages  o f  the components o f  the e s s e n t i a l  o i l s  from S a l v i a  
d o m ln ic a  and S . s d a r e a .  t r  = t race  (< 0 .1% ) .

s.
d o m in ic a

Compound

s .

s c i  a re a
S .

d o m in ic a
Compound

s.
s c l a r e a

a -P i  nene t r t r c i s - L i n a l o o l  ox ide t r 2 . 0
Camphene t r t r t r a n s - L i n a l o o l  ox ide t r 1 .3
3 -P i  nene t r t r L i n a l o o l 25.9 19.1
Myrcene 2 . 6 t r L i n a l y l  acetate 28.4 60.2
a - P h e l 1andrene t r t r Terp i  nen -4 -o l 1 . 1 t r
a -Te rp inene t r t r a -Te rp i  neol 12.4 4.6
Limonene 0 . 8 t r a -T e rp in y l  acetate 2 . 8 t r
1 .8 -C i  neole 1 . 1 1 .3 Nery l  acetate 6.5 2 . 1
y -T e rp i  nene 2 . 2 1 . 2 Geranyl acetate 7.1 2 . 6
p-Cymene t r t r Nerol 2 . 0 t r
Terpi  nolene 0.7 - Gerani ol 5.1 t r

98.7 94 .4

The c h a r a c t e r i s i n ' c aroma of the 0 Ì 1 Of S . s c l a r e a i s due to m ic ro -

components o ther ■ than l i n a l y l  acetate  and l i n a l o o l  ( 2 2 );  the same ho ld s

true f o r  the o i l o f  s . d o m in ic a . A lthough  S. d o m in ic a o i l  i s not known in

commerce, i t  has a g rea t  p o te n t ia l  as a s u b s t i t u t e  o r  a d d i t i v e  to s .

s c l a r e a  commercial o i l .
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The genus M ic r o m e r ia  i s  common in the Mediterranean bas in ,  m . f r u t i c ­

osa  grows w i ld  on cha lky  rocks and f lowers  from February to June. Tea pre­

pared from the fresh  leaves has a minty aroma and i s  used in  f o l k  medicine 

fo r  i n d i g e s t i o n ,  coughs and colds and f o r  lowering h igh blood p ressure  (3, 

6 ). The main components in  the o i l  d i s t i l l e d  from f re sh  p lan t s  were pulegone 

and menthol (Table IV ) .  The p roport ion  o f  the monoterpene hydrocarbons was 

14.4%. Pulegone, the minty component of  m . f r u t i c o s a ,  i s  the i n d u s t r i a l  

s t a r t i n g  mater ia l  o f  menthone and menthol (18).

Table IV. Composition o f  the e s se n t ia l  o i l  from M ic r o m e r ia  f r u t i c o s a . 
t r  = trace (< 0 . 1 %).

Compound % Compound %

a -P i  nene 1 .3 1-0c ten -3 -o l 0.4
Camphene t r Menthone t r
3 -P i  nene 3.2 Isomenthone 3.7
My ree ne 1 . 0 Terp inen-4-o l 8 . 2
Limonene 8 . 0 3 -Ca ryophy l1 ene 8 . 8
ci s-p-Ocimene 0.4 Menthol 1 0 . 1
y -Terp i  nene t r Pulegone 45.9
p-Cymene 0.5 a -Terp i  neol t r
Terp inolene t r Pi peri  tone 2 . 8
3-0ctanol t r 94.3
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STUDIES ON THE COMPOSITION OF ESSENTIAL OILS OF 'C INEOLIC  EUCALYPTUS' 

M.M. CARMO, S. FRAZÂO

ABSTRACT

In o rde r  to ob ta in  in fo rm at ion  about the compos it ion  o f  ' c i n e o l i c  
e u c a l y p t u s 1 o i l s  from d i f f e r e n t  provenience,  e ig h t  e s s e n t i a l  o i l  samples 
i s o l a t e d  by h y d r o d i s t i 11a t io n  were in v e s t i g a t e d .  The r e s u l t s  obtained 
by gas chromatography showed t y p i c a l  f i n g e r - p r i n t s  a lthough  the content 
o f  the main c o n s t i t u e n t ,  1 . 8 - c i n e o le ,  was s im i l a r .  C h a r a c t e r i s t i c  data 
o f  the samples s tu d ied  are g iven.

INTRODUCTION

In Portuga l  two spec ie s  o f  the genus E u c a ly p tu s  are of  g re a t  commer­

c i a l  importance. The p l a n t a t io n s  o f  e . g l o b u lu s  are about 30 000 ha and 

those o f  e . m a id e n i  about 7 500 ha. The e s s e n t i a l  o i l s  obta ined from the 

two spec ie s  have a h igh content  o f  1 .8 - c i n e o le  and they are c l a s s i f i e d  

as ' c i n e o l i c  e u c a ly p tu s '  o i l s .  The c h a r a c t e r i s t i c s  o f  these o i l s  and the ir  

chromatographic  f i n g e r - p r i n t s  have been in v e s t i g a t e d  in order  to po in t  

out the d i f f e re n c e s  in  t h e i r  chemical compos it ion  (1 ) .  Th i s  problem was 

f i r s t  d e a l t  with  when the ISO standard  770 f o r  e . g l o b u lu s  o i l  was worked 

out,  and af te rwards  when the c h a r a c t e r i s t i c s  of  r e c t i f i e d  Portuguese 

euca lyptus  o i l s  were e s t a b l i s h e d  (2,  3).  A la r ge  number o f  ana ly se s  were 

c a r r ie d  out to se t  up the l i m i t s  f o r  the na t iona l  and the ISO s tandards.  

More r e c e n t l y  we s tu d ied  a l s o  o ther  commerc ia l ly  important ' c i n e o l i c  

e u c a ly p tu s '  o i l s ,  obta ined from d i f f e r e n t  E u c a ly p tu s  spec ie s  (4) namely 

e . f r u t i c e t o r u m  from A u s t r a l i a  and e . s m i t h i i  from South A f r i c a .  We have 

a l s o  analyzed an o i l  sample from China, but i t s  bo tan ica l  o r i g i n  was un­

known. We are  not su re  i f  Span ish  e . g l o b u lu s  o i l s  are d i s t i l l e d  from 

on ly  t h i s  s p e c ie s ;  the va lues  o f  the c h a r a c t e r i s t i c s  o f  these o i l s  are 

l e s s  con s tan t  than those o f  the Portuguese  e . g l o b u lu s  o i l s  (5 ) .

MATERIALS AND METHODS

The e s s e n t i a l  o i l  from Portuguese  e . g l o b u lu s  was d i s t i l l e d  in  our 

l ab o ra to ry  and compared with the i n d u s t r i a l l y  a v a i l a b l e  o i l  from the same

A. Baerheim Svendsen andJ.J.C. Scheffer (eds), Essential oils and aromatic plants, I S B N - 13: 978-94-009-5137-2 
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spec ie s .  The samples from A u s t r a l i a  and South A f r i c a  were obta ined from 

Mr. Lasak, B i o l o g i c a l  and Chemical Research I n s t i t u t e ,  New South Wales 

Government, A u s t r a l i a .  The sample from China and the Span ish  o i l s  were 

obtained from Dr. Peyron and Dr. Garcia V a l le jo .

GC ana ly se s  were c a r r ie d  out on a gas chromatograph Perk in -E lm er  Sigma 

2B equipped with flame i o n i z a t i o n  detector  and a packed column (2m). 

Cond it ions :  column packed with 15% Carbowax 20M on Chromosorb W (80-100 

mesh); oven temperature, 100°C; i n j e c t o r ,  150°C; de tector ,  150°C; c a r r i e r  

gas,  N itrogen. For c a p i l l a r y  GC o f  the Portuguese e . g l o b u lu s  o i l  a gas 

chromatograph Hewlett-Packard 5880 equipped with flame i o n i z a t i o n  detector 

was a l s o  used. Cond i t ion s :  column (50 m) coated with Carbowax 20M; oven 

temperature, isothermal 60°C (5 min),  then 60-200°C (2°C/min) and i s o ­

thermal 10 min; in j e c t o r ,  220°C; detector,  200°C; c a r r i e r  ga s ,  N itrogen.

RESULTS AND DISCUSSION

A l l  samples s tud ied  were compared with  the s p e c i f i c a t i o n s  g iven  in 

the standard ISO 770 ( e s se n t ia l  o i l  of  e . g l o b u l u s ) and the standard ISO/ 

D IS  4732 ( r e c t i f i e d  Portuguese E. g lo b u lu s  o i l s ) .  The s p e c i f i c a t i o n s  are 

l i s t e d  in Table I. The Portuguese crude and r e c t i f i e d  o i l s  f u l l y  s a t i s f i e d  

the s p e c i f i c a t i o n s ,  the Spanish o i l s  not always s ince  they probably  con­

ta in  a high percentage of e . m a id en i  o i l  (6 , 7).

The c h a r a c t e r i s t i c s  of the other  o i l  samples in ve s t i g a te d  are given 

in  Table I I .  The chemical composit ion  of  these samples i s  summarized in  

Table I I I ;  the data were obta ined by GC u s ing  the packed column.

Crude e . g l o b u lu s  o i l  d i f f e r s  from the correspond ing  r e c t i f i e d  o i l s  

in  con ta in ing  se squ ite rpenes.  By c a p i l l a r y  GC o f  t h i s  o i l  sample the f o l ­

lowing components were i d e n t i f i e d :  ot-pinene; l imonene; 1 .8 - c i n e o le ;  p- 

cymene; l i n a l o o l ;  B -ca ryophy l lene ;  aromadendrene; p inoca rveo l ;  a l loaroma- 

dendrene; a - t e r p in e o l ;  g lo b u lo l .

The e . f r u t i c e t o r u m  o i l  had a typ ica l  odour and i t  was dex t ro ro ta to ry .  

Th is  i s  c h a r a c t e r i s t i c  f o r  the A u s t r a l i a n  o i l  and d i s t i n g u i s h e s  i t  from 

the o i l  i s o l a t e d  from the same spec ies  growing in  Spain (8 ). The sample 

s a t i s f i e d  the ISO standard fo r  the Aust ra l ian  euca lyptus  o i l  w ith  a 1.8-  

c ineo le  content o f  80-85%.

The e . s m i t h i i  o i l  has a p e c u l i a r  odour and i t s  c h a r a c t e r i s t i c s  are 

not standard ized.
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Table I I I .  Percentage composit ion  o f  d i f f e r e n t  ' c i n e o l i c  e u c a l y p tu s 1 o i l s .

Compound m a id en i
E u c a ly p tu s

f r u t i c e t o r u m s m i t h i i
' C h in e se ' 

sample

I s o v a l e r i c  aldehyde 0.05 0.05 0.13 — -

oc-Thujene 0.03 0.03 0.14 —
a-P i  nene 5.39 3.30 6.53 0.24
Camphene 0.33 0.15 0.05 0.09
3 -P i  nene 0.26 0.62 0.60 4.48
Myrcene — 0.56 0.37 0.17
Limonene 4.90 4.03 6.40 1.72
1 .8 -C ineo le 80.69 83.16 7 7 . 1 5 87.37
p-Cymene 1.90 5.44 2.25 5.25
Terpi nen-4-o l 0 . 2 0 0.15 0 . 1 0 0.34
Pi nocarveol
Al 1oaromadendrene 3.52 1.30 0.67 —

a-Terp ineo l 2.14 1 . 2 0 2.91 —

CONCLUSIONS

The r e s u l t s  obtained by GC and by the other  methods confirmed that  

the ISO 770 and ISO/DIS  4732 standards  are a p p l i c ab le  on ly  to the e . 

g lo b u lu s  o i l .  The Chinese o i l  sample in ve s t i g a te d  d id not meet the ISO 

standards  as to op t ica l  r o ta t ion .  The Spanish  crude euca lyptus  o i l  has 

sometimes a low content o f  1 .8 - c in e o le  (68-69%) and the correspond ing  

r e c t i f i e d  o i l s  a l s o  f a i l  the l im i t s  s l i g h t l y .

The e . m a id en i o i l  i s  most s i m i l a r  to the e . g l o b u lu s  o i l  but i t s  GC 

f i n g e r - p r i n t  i s  d i f f e re n t .  The e . s m i t h i i  and e . f r u t i c e t o r u m  o i l s  have 

t y p i c a l  chemical composit ions  and odours.  The ISO standards  are not s u i t ­

able  f o r  the Chinese and e . s m i t h i i  o i l s .

I t  may be concluded that  Portuguese  e . g l o b u lu s  o i l  i s  the most uniform 

' c i n e o l i c  e uca lyp tu s '  o i l  as to chemical composit ion  and phys ica l  charac ­

t e r i s t i c s  .
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BIOLOGY AND ESSENTIAL OIL  OF h u m u l u s  l u p u l u s  VAR. n e o m e x i c a n u s

K. KNGBLOCH, H. PAULIN I,  C. ELEY, J. ELEY, E. ZIEGLER, H. BRANDAUER, 
K. MICHAELIS, 0. VOSTROWSKY

ABSTRACT

Humulus l u p u lu s  var .  n e o m e x ic a n u s  grows in  the se m i - a r id  c l im ate  of 
Centra l  Co lorado.  I t s  p roduct ion  o f  e s s e n t i a l  o i l  shows a c h a r a c t e r i s t i c  
seasona l  dependence. T h i s  has been observed  over  two v ege ta t io n  pe r iod s  
when the e s s e n t i a l  o i l  from the s t r o b i l e s  was i s o l a t e d  by steam d i s t i l l a ­
t i o n .  The main components o f  the e s s e n t i a l  o i l  were i d e n t i f i e d  by GC and 
GC-MS. More than 40 d i f f e r e n t  components were detected, i n c l u d i n g  mono- 
terpene hydrocarbons  and a l c o h o l s ,  ketones,  methyl e s t e r s  o f  s a tu ra ted  
and unsa tu ra ted  c a r b o x y l i c  a c id s ;  in  a d d i t i o n ,  e s t e r s  o f  s h o r t  cha in  a c id s  
w ith  monoterpene a l c o h o l s  and se squ i te rpene  hydrocarbons  were found. A l ­
though the t y p i c a l  and c h i e f  s cent  o f  the neomexican hops s t r o b i l e s  i s  
that  o f  mango (M a n g i f e r a  i n d i c a . )  f r u i t s ,  the main components o f  the e s s e n ­
t i a l  o i l  resemble those o f  the hop v a r i e t i e s  a l r e a d y  ana lyzed.

'W i l d  Hops '  o r  'W i l d  Hop-V ine '  i s  the term used f o r  Humulus l u p u l u s  l .  

var.  n e o m e x ic a n u s  Ne ls .  & C o c k e re l l ,  which i s  the on ly  n a t i v e  genus and 

sp e c ie s  o f  the Cannabaceae f a m i l y  w i t h in  the Centra l  Rocky Mounta ins .  I t  

grows a t  an a l t i t u d e  o f  1300-3000 m, and i s  found in  canyons and f o o t h i l l s  

where i t  i s  seen c l im b in g  o ve r  bushes.  The annual a e r i a l  c l im b in g  stems 

a r i z e  from the pe renn ia l  rhizome and become 5-10  m long .  The oppos i te  

leaves  are  lobed pa lmate ly.  Two of  the female f low er s  s i t  to ge the r  under 

a l a r g e  p e r s i s t e n t  b ra c t .  At m a tu r i t y  the b ra c t s  from the c o n e l i k e  ' h o p s '  

change c o lo u r  and appear as papery and consp icuous  c l u s t e r s  known as 

s t r o b i 1 es ( 1 , 2 ) .

The e s s e n t i a l  o i l  i s  produced by the female i n f l o r e s c e n c e s ,  the 

s t r o b i l e s ,  s t r o b u l i  l u p u l i ,  (3)  which conta in  the o i l  b ea r in g  g land s ,  

g la n d u la e  l u p u l i  ( 4 ) .  Fo r  hundreds o f  yea r s  s t r o b i l e s  o f  h . l u p u lu s  L. 

have been used to f l a v o u r  beer and to calm nervous d i s o r d e r s .  The e s s e n ­

t i a l  o i l  i s  known to p o s se s s  n a r c o t i c  as well  as  d i u r e t c ,  a n t i s e p t i c  and 

b i t t e r t o n i c  a c t i v i t y .  The s t r o b i l e s  o f  h . l u p u lu s  var.  n e o m e x ic a n u s  reveal  

a d i f f e r n t  scent  when compared w ith  th a t  o f  h . l u p u l u s .  S u r p r i s i n g l y , 

they smell l i k e  mango f r u i t s  (M a n g i f e r a  i n d i c a  L . ) .  U n t i l  r e c e n t l y  no-

A. Baerheim Svendsen and J.J.C. Scheffer feds), Essential oils and aromatic plants, I S B N -13: 978-94-009-5137 2 
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th ing  was known on the composition o f  i t s  e s s e n t i a l  o i l .  In  a f i r s t  c o n t r i ­

bution (5) we reported on the main v o l a t i l e  substances and analyzed them 

q u a n t i t a t i v e l y ;  in  add i t io n ,  we observed a c h a r a c t e r i s t i c  seasonal depend­

ence o f  the e s se n t ia l  o i l  p roduct ion  o f  the s t r o b i l e s .

MATERIALS AND METHODS

Humuius lu p u iu s  L. var. n eom ex ica n u s  N e l s . & Cockere l l  was c o l le c te d  in 

the sem i-a r id  c l imate of Western El Paso County o f  Central  Colorado (5) 

from January 1980 through October 1981. The c o l l e c t i o n  s i t e  was located at 

2423 m e le va t ion  on a north  fac ing  s lope.  The s o i l  con s i s t ed  mainly  of  de­

composed g ran i te  with sand as the major texture  component.

The e s s e n t ia l  o i l s  were i s o la t e d  from 10-15 g o f  f reeze -d r ied  s t r o b i l e s  

by steam d i s t i l l a t i o n  f o r  2 h. The e s s e n t i a l  o i l s  were c o l le c ted  by d i s ­

s o l v i n g  in  0.20 ml xylene w i th in  a graduated c a p i l l a r y  tube. For  GC a n a ly ­

s i s  and GC-MS, see (5) .

RESULTS AND DISCUSSION

Samples taken in October (1980 and 1981) were a l ready  a i r - d r i e d  due to 

the a r i d  c l imate  of  Central  Colorado. The content o f  e s s e n t i a l  o i l  was 

about 1 - 2  y l  per 1 g o f  a i r - d r i e d  samples c o l le c te d  dur ing  the w in te r  sea­

son and stayed at  t h i s  leve l  u n t i l  the end of  Ju ly .  In genera l ,  a seasonal 

dependence in the o i l  b io s y n th e s i s  was obv ious.  The b i o s y n th e s i s  o f  the 

e s se n t ia l  o i l  in  female buds s ta r ted  in e a r l y  August  and reached a maxi­

mum o f  6 - 8  y l  per 1 g o f  dr ied  mater ia l  in la te  summer.

A l l  samples co l le c ted  were chromatographed on a c a p i l l a r y  WG-11 column 

(comparable to FFAP) and on a packed 0V-17 column. Thereby the main compo­

nents o f  the o i l  were determined q u a n t i t a t i v e l y .  The o i l  from a sample 

taken on August 27, 1980 was chosen fo r  a complete a n a l y s i s  o f  i t s  d i f f e r ­

ent components by GC-MS (Table I ) .

For  i d e n t i f i c a t i o n  o f  the main components the mass spectra  were com­

pared with those a l ready  reported in the l i t e r a t u r e  ( 6 - 8 ) and with those 

obta ined with authent ic  samples (9 ) .  In add i t ion ,  the e lu t i o n  sequence o f  

each compound was examined by comparison with data from the l i t e r a t u r e  

obta ined on columns o f  s i m i l a r  p o l a r i t y  ( 1 0 ).

Myrcene (62.18%) was i d e n t i f i e d  as the main substance,  other  mono- 

terpene hydrocarbons were a-p inene,  sabinene, l imonene and E-ocimene ( t o ­

ta l  amount about 3%). L in a lo o l  (1.09%) and ge ran io l  (1.52%) were the on ly  

monoterpene a l c o h o l s  detected.



169

Table  I .  Com pos i t ion  o f  the e s s e n t i a l  o i l  o f  h . l u p u iu s  var .  n e o m e x ic a n u s  
ha rve s ted  Augu s t  27, 1980. C o n d i t i o n s :  g l a s s  c a p i l l a r y  column 
coated w ith  SE -30 ;  temperature program, 50-220°C (1.5°C/min) (5 ) ,  
a = spectrum o f  au th e n t ic  sample; b = spectrum in  l i t e r a t u r e  ( 6 - 
8 );  c = r e t e n t i o n  i n d i c e s  on 0V-101 (1 0 ) .

Compound Percen- I d e n t i f i  ca - Re tent ion
tage t i o n  method i ndex

C g H1 2

C7 p l 6 ° 2  a -P i  nene

0.53 GC-MS
0.33 GC-MS
0.26 GC-MS a,b 942 c

CgH, 2  
Sabi nene

0 . 2 1 GC-MS
1 .39 GC-MS a,b 976 c

Myrcene 62.18 GC-MS a,b
I s o b u t y r a t e 0.38 GC-MS
Methyl  heptanoate 0.37 GC-MS b 1006 c
Limonene 0.54 GC-MS a,b 1030 c
E-0cimene 0.95 GC-MS a ,b 1038 c
Branched methyl octanoate 0.95 GC-MS
Li na loo l 1 .09 GC-MS a,b 1092 c
Methyl  octanoate 0 .24 GC-MS b 1107 c
Branched methyl nonanoate 0.14 GC-MS
Methyl  nonanoate 0 . 1 2 GC-MS b 1207 c
Ketone Ch -i H ^ O  
Geran io l

0.05 GC-MS
1.52 GC-MS a , b 1243 c

Undecan-2-one 0.24 GC-MS b 1276 c
Methyl  decenoate 1 . 1 0 GC-MS b
Methyl  decad ienoate 1 .65 GC-MS
Methyl  decad ienoate 0 . 2 2 GC-MS
Methyl  decanoate 
Acetate  o f  ge ra n io l  o r

0.31 GC-MS b 1307 c

nero l 0 .24 GC-MS a,b
a -Y langene 0.13 GC-MS a,b
a-Copaene 0.52 GC-MS a , b 1398 c
ß -C a ryo p hy l le n e 2.90 GC-MS a,b 1428 c
ß-Cubebene ( ? ) 0 .26 GC-MS b
Humulene
P rop io n a te  o f  g e r a n io l  o r

2 . 1 2 GC-MS a,b 1465 c

nerol 0.36 GC-MS
y -Muuro lene  ( ? ) 1 . 2 1 GC-MS b 1475 c

c 1 5 h 2 4
I ^ o b u f y r a te  o f  g e r a n io l  o r

0.87 GC-MS
0.98 GC-MS

nerol 0.51 GC-MS
y -Cad inene  and Calamene 2.36 GC-MS a ,b 1518 c
5-Cad i  nene 1 .43 GC-MS a ,b 1524 c
^15^24
Unknown

0.45
0.92

GC-MS

Unknown 0.70

The e s s e n t i a l  o i l  o f  h . l u p u i u s  var .  n e o m e x ic a n u s  appears to  be s i m i ­

l a r  to o the r  v a r i e t i e s  o f  hops as f a r  as i t s  monoterpene com pos i t ion  i s  

concerned ( 1 1 -1 6 ) .  L i k e w i s e ,  the s o - c a l l e d  t y p i c a l  i n g r e d i e n t s  o f  the
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e s s e n t i a l  o i l  from hops could be i d e n t i f i e d  in  the v a r ie t y  n e o m e x ic a n u s .

These are the methyl e s te r s  o f  heptanoic,  oc tano ic ,  nonanoic and decanoic 

ac id ,  both the methyl branched a lk a no ic  methyl e s t e r s ,  the methyl e s te r s  of  

the unsaturated c a rb o x y l i c  a c id s ,  as well  as the acetate,  propanoate and 

i sobu ty ra te  o f  ge ran io l  and n e r o l .

The se squ ite rpene  f r a c t i o n  o f  the o i l  was r e l a t i v e l y  complex. We were able 

to i d e n t i f y  a -y langene,  a -copaene , 3 - c a r y op h y l 1 ene , humulene, y -  and 6 - cad in -  

ene by means o f  comparison with  authent ic  samples. [3-Cubebene, y-muurolene 

and calamene could be as s igned  on ly  by comparing the mass spectra  with 

pub l i shed  data ( 6 - 8 ) o r  known re ten t ion  ind ice s  ( 1 0 ).

American h . lu p u iu s  c u l t i v a r s  appear to be of hybr id  o r i g i n .  H y b r id i z a ­

t io n  occurred apparent ly  between European c u l t i v a r s  and one o f  the three 

major ind igenous v a r i e t i e s  of  w i ld  North-American p lan t s ;  these are the 

v a r i e t i e s  n e o m e x ica n u s ,  p u b esce n s  and l u p u l o i d e s ( 17).

S tud ie s  on f i v e  groups of w i ld  hops and on three groups o f  c u l t i v a r s  

revealed (17):

- Japanese c u l t i v a r s  are a s so c ia ted  un i fo rm ly  with the ind igenous Japanese

H. lu p u iu s  var. c o r d i f o l i u s ;

- European c u l t i v a r s  are a s soc ia ted  c o n s i s t e n t l y  with the European

h . l u p u iu s  var. l u p u i u s ;

- North-American c u l t i v a r s  jo ined  c o n s i s t e n t l y  the North-American

h . l u p u iu s  var. l u p u i o i d e s , and i n  ad d i t io n ,  North-American h . lu p u iu s  

var. n eom e x ica n u s  appeared to be a s so c ia ted  with  t h i s  p a i r  ( F ig .  1).

F ig .  1. R e la t i o n sh ip s  between w i ld  s 
and geograph ica l  groups o f  c

w i ld  H. lu p u iu s  var. n eom ex ica n u s  

wild  H. lu p u iu s  var. l u p u i o i d e s  

North-American c u l t i v a r s

w i ld  H. lu p u iu s  var. c o r d i f o l i u s  

Japanese c u l t i v a r s

w i ld  h . lu p u iu s  var.  lu p u iu s  

European c u l t i v a r s

w i ld  H. lu p u iu s  var. p u b escen s

amples o f  f i v e  taxa of  Humuius lu p u iu s  
u l t i v a r s  (17).
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Summariz ing we can s t a t e  t h a t  in  s p i t e  o f  i t s  very  sp e c ia l  s cent ,  the 

v a r i e t y  n e o m e x ic a n u s  does not appear d i s t i n c t l y  d i f f e r e n t  as  f a r  as the 

chemical com pos i t ion  o f  the e s s e n t i a l  o i l  i s  concerned. More s e n s i t i v e  

a n a ly s e s  may he lp  to c h a r a c t e r i z e  the i n t e r e s t i n g  hop v a r i e t y  n e o m e x ic a n u s .
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SESQUITERPENES AND OTHER VOLATILE METABOLITES FROM LIQUID  CULTURES OF 
c e r a t o c y s t i s  p o p u l i n a  (ASCOMYCOTA) - ESSENTIAL O IL COMPOUNDS FROM FUNGI

H.-P.  HANSSEN

ABSTRACT

The ascomycete c e r a t o c y s t i s  p o p u l i n a  was grown on a de f ined  s y n t h e t i c  
l i q u i d  c u l t u r e  medium. V o l a t i l e  m e tab o l i te s  were ob ta ined  by steam d i s t i l ­
l a t i o n  and i d e n t i f i e d  o r  c h a ra c te r i z e d  by GLC and MS data in  comparison 
w ith  a u th e n t ic  su b s tan ce s .  Majo r  components were s e sq u i t e rp e n e s  w ith  a
1 , 7 - d im e t h y l - 4 - i s o p r o p y l d e c a l i n e  s ke le to n  (T -m uu ro lo l ,  a-amorphene and 
p robab ly  y -am orphene ) .

Seve ra l  C e r a t o c y s t i s  (Ascomycota; Oph io stom ale s )  s p e c ie s  a re  known to 

produce v o l a t i l e  m e ta b o l i t e s  r e s p o n s ib l e  f o r  the c h a r a c t e r i s t i c  odour o f  

the c u l t u r e s .  In  the pa s t  numerous c o n s t i t u e n t s  have been i d e n t i f i e d  i n ­

c l u d in g  s h o r t - c h a i n  a l c o h o l s  and e s t e r s  ( ' f r u i t  e s t e r s ' ) ,  a c y c l i c  mono- 

and s e sq u i t e r p e n e s ,  te rp e n o id s  (methyl heptenyl compounds), and 2 - p h en y l -  

e thy l  a ce ta te  ( 1 ).

The sp e c ie s  c .  p o p u l i n a  was i s o l a t e d  f o r  the f i r s t  time by H inds  and 

Dav id son  from aspen ( 2 ) .  S t r a i n  RWD 835 B produces a p le a sa n t ,  f r u i t - l i k e  

f ra g ran ce  when c u l t i v a t e d  on a de f ined  s y n t h e t i c  c u l t u r e  medium ( 3 ) .  The 

i d e n t i f i c a t i o n  o f  the steam v o l a t i l e  c o n s t i t u e n t s  by GC and GC-MS revea led  

a com pos i t ion  o f  v o l a t i l e s  d i f f e r i n g  t o t a l l y  from a l l  o th e r  C e r a t o c y s t i s  

s t r a i n s  ( n e a r l y  40 b e lo n g in g  to 1 0  s p e c ie s )  h i t h e r t o  i n v e s t i g a t e d .

MATERIAL AND METHODS

c e r a t o c y s t i s  p o p u l i n a  RWD 835 B was i s o l a t e d  from aspen in  Co lo rado,

USA by Dav id son.

The ascomycete was grown on a de f ined  s y n t h e t i c  l i q u i d  c u l t u re  medium 

c o n t a i n i n g  g lu co se  (2% ) ,  a sp a ra g in e  ( 0 . 1 % ) ,  th iam ine  and m inera l  s a l t s  (3) 

f o r  24 days.  The v o l a t i l e  m e tab o l i te s  were determined a f t e r  4, 10, 17 and 

24 c u l t u r e  days.  In each case ,  they  were obta ined  from 20 c u l t u r e s  (grown 

in  250 ml e r le n m e y e r f1 a sk s  c o n t a i n i n g  50 ml c u l t u r e  b ro th )  by c i r c u l a t i o n  

steam d i s t i l l a t i o n  (4) in  2 ml pentane.

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, I S B N - 13: 978-94-009-5137-2 

©  1985 Martinus N ijhoff/D r W. Junk Publishers, Dordrecht, The Netherlands
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A f t e r  separa t ion  into  f i v e  f r a c t i o n s  of  d i f f e re n t  p o l a r i t y  by dry-column 

chromatography (5) ,  the steam d i s t i l l a t e s  were analyzed by GLC. The i d e n t i ­

f i c a t i o n  of  the va r iou s  components r e su l ted  from GLC and GC-MS data compared 

with those o f  au thent ic  substances or the l i t e r a t u r e  ( 6 - 8 ).

GLC ana ly se s  were performed u s ing  a Perk in -E lmer  F 22 apparatus equ ip ­

ped with a g l a s s  c a p i l l a r y  WG-U column (22 m x 0.3 mm i . d . ) ,  a flame ion ­

i z a t i o n  detector  and a computing i n te g ra to r  (Auto lab System I ,  Spectra 

P h y s i c s ) .  Operating c ond i t io n s :  l i n e a r  temperature program 80-200°C, 2°C/ 

min or i so thermal;  i n j e c to r ,  180°C; detector,  180°C; c a r r i e r  gas, N i t r o ­

gen, 1 ml/min; in je c t io n  volume, 1 . 0  y l .

MS ana ly se s  were c a r r ie d  out on a Va r ian  MAT 111 (GNOM) mass sp e c t ro ­

meter (80 eV) u s ing  a 3 m packed Carbowax 20M (3 % )  column under va r iou s  

isothermal c o nd i t io n s  or a temperature program as descr ibed above.

Q u a n t i t ie s  o f  v o l a t i l e  co n s t i tu en t s  were ca lcu la ted  v ia  an in te rna l  

standard ( 6 -methy l-5 -hepten~2-one)us ing  F I D - s p e c i f i c  substance f a c to r s .

RESULTS AND DISCUSSION

The mycelium weights  and the tota l  amounts o f  v o l a t i l e s  were determined 

a f te r  4, 10, 17 and 24 days. In  F ig .  1 the data obtained are g iven.  The 

steam d i s t i l l a t e s  c on s i s ted  of  about 30 components. F i g .  2 shows a gas 

chromatogram o f  the concentrated sample obtained from 17 days o ld  c u l t u re s .

F ig .

g/10 cultures rl000

;jg/l

500

Mycelium weights  and amounts o f  v o l a t i l e s  in  c u l tu re s  o f  c. p o p u -  
l i n a  a f t e r  7, 10, 17 and 24 days.
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F i g .  2. Chromatogram o f  the v o l a t i l e s  in a 17 days o ld  c u l t u re  o f  c.
p o p u l i n a . Fo r  gas chromatographic  c o n d i t i o n s ,  see under M a te r ia l  
and M e thod s .

Predominat ing  c o n s t i t u e n t  i s  the b i c y c l i c  se squ i te rpene  a lcoho l  T- 

muurolol (peak 2 2 ) that  cou ld  be i d e n t i f i e d  a l re a d y  from c u l t u r e s  o f  the 

brown r o t  fungus L e n t i n u s  l e p id u s  ( 9 ) .  Table I i n d i c a t e s  tha t  t h i s  com­

pound amounted to app rox im ate ly  430 yg/1 c u l t u re  medium rep re se n t in g  

about 45% o f  the to ta l  y i e l d  o f  v o l a t i l e s .  Other peaks could  be c h a r a c te r ­

ized as se squ i te rpene  a l c o h o l s  as w e l l ,  one o f  them t e n t a t i v e l y  as S -cad -  

ino l  (peak 23).

Table I .  Composit ion  o f  steam d i s t i l l a t e s  obta ined  from 17 days o ld  c u l ­
tu re s  o f  c .  p o p u l i n a  RWD 835 B grown on a g l u c o se -a sp a r a g in e -  
minera l  s a l t  medium; t r  = t race .

Peak No. Compound ng/1 %

1 I sobu tano l  ( ? ) 18.5 2 . 0
2 Isoamyl a lcoho l 54.7 5.9
3 1 -Octen-3 -o l 34.6 3.7
6 Li na loo l t r
7 c 5 h7no 14.9 1 . 6
8 a-Amorphene 89.8 9.6

1 0 y-Amorphene ( ? ) 6 8 . 0 7.3
1 2 5-Cadi nene t r
13 C15H20° 23.8 2.4
2 2 T-Muuro lo l 427.4 45.8
23 6 -C ad ino l  ( ? ) 123.2 13.2
25 C i 5 H2 2 O

M ino r  compounds
27.7 3.0

5.5
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Other se squ ite rpenes  were found in  the hydrocarbon f r a c t i o n ,  the main 

components being a-amorphene (peak 8 ) and probably y-amorphene (peak 1 0 ), 

and 6 -cadinene in t race s .  L in a lo o l  (peak 6 ) was another terpene c o n s t i t u ­

ent .

Other v o l a t i l e s ,  i d e n t i f i e d  o r  chem ica l ly  cha rac te r ized ,  were isoamyl 

a lcoho l  (peak 2) and l - o c t e n -3 - o l  (peak 3),  an ub iqu i tous  v o l a t i l e  con­

s t i t u e n t  o f  fung i .  An unknown n i t r o g en -co n ta in in g  compound (peak 7) i s  

probably  a pyrro l  d e r i v a t i v e .

The composit ion o f  the v o l a t i l e s  accumulated by c .  p o p u l in a  RWS 835 B 

d i f f e r s  from a l l  c e r a t o c y s t i s  s t r a i n s  h i th e r to  in ve s t i g a te d ,  e s p e c i a l l y  

from those  with Chalara anamorphs (C e r a t o c y s t i s  s . s . )  (1 ) .  Fu rther  i n ­

v e s t i g a t i o n s  should  prove whether spec ie s  having a Chalara c o n id ia l  s ta te  

can be d i s t i n g u i s h e d  from other s  o f  t h i s  genus by t h e i r  v o l a t i l e s .  A f te r  

a l l ,  morphological  and biochemical data have supported a p a r t i t i o n  o f  the 

genus C e r a t o c y s t i s  (10, 11).

So fa r ,  v o l a t i l e  se squ i te rpenes  with  an amorphane ske le ton  have never 

been reported to be present in  fung i .  In  h ighe r  p lan t s ,  these ' a n t i p o d i c '  

compounds are r e l a t i v e l y  seldom compared with the re la ted  sesqu i te rpenes  

with a cadinane s t ru c tu re  (12).  The y i e l d s  o f  v o l a t i l e s  obta ined from 

s t r a i n  c .  p o p u l in a  RWD 835 B were r e l a t i v e l y  low under the cu l tu re  cond i ­

t i o n s  chosen (ppb-range).  As shown fo r  o ther  sp ec ie s ,  they could p o s s i b l y  

be enhanced by s e le c t i n g  s u i t a b le  s t r a i n s  and/or op t im iz ing  the cu l tu re  

c ond i t io n s  (13, 14).
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EFFECT OF DRYING AND FREEZE-DRYING ON THE AROMA OF D ILL  -  a n e t h u m  
GRAVEOLENS CV MAMMUT

R. HUOPALAHTI, E. KESALAHTI

ABSTRACT

Aroma compounds o f  f r e s h ,  f r e e z e - d r i e d  and d r ied  d i l l  (Anethum  g r a v e o i e n s
L. cv Mammut) were i s o l a t e d  by s o l v e n t  e x t r a c t i o n  w ith  a m ixture  o f  n-pentane 
and d ie t h y l  e the r  fo l low ed  by c o nce n t r a t io n  and a c lean -up  procedure. Com­
bined fu sed  s i l i c a  c a p i l l a r y  gas chromatography-mass spectrometry  was em­
ployed f o r  i d e n t i f i c a t i o n  o f  the aroma compounds. 70 v o l a t i l e  compounds were 
detected and 13 o f  them were i d e n t i f i e d :  a -p inene ,  a - p h e l 1and rene , l imonene, 
B - p h e l l a n d r e n e , 3 ,6 - d im e th y l - 2 , 3 , 3 a , 4 , 5 ,7a -hexahydrobenzofuran  and rnyr is -  
t i c i n  as the major components. Du r ing  both d r y in g  p roce s se s  some not  y e t  
i d e n t i f i e d  compounds in c rea sed  in  amounts. The a lmost  t o t a l  l o s s  o f  the 
benzofuran  d e r i v a t i v e ,  one o f  the most abundant and important  compounds in  
d i l l ,  was the l a r g e s t  change in  the com pos i t ion  o f  the v o l a t i l e  c o n s t i t u ­
ents .  The ab so lu te  amount o f  aroma compounds in  f r e e z e - d r i e d  d i l l  was fou r  
times l a r g e r  than in  d r i e d  d i l l ,  w h i le  th a t  i n  f r e sh  d i l l  was ten times 
1 a r g e r .

INTRODUCTION

D i l l ,  Anethum  g r a v e o i e n s  L . ,  i s  i n  F in l a n d  a popu la r  a romat ic  herb tha t  

i s  l a r g e l y  used f o r  f l a v o u r i n g  o f  v a r io u s  food p roducts  such as sauce s ,  

soups,  p i c k le d  vege tab le s  and sea foods.  U s u a l l y  the e s s e n t i a l  d i l l  o i l ,  

d i s t i l l e d  from f re sh  whole herb o r  r ip e  f r u i t s ,  i s  p r e fe r r e d  by the food 

i n d u s t r y .  In  F i n l a n d ,  however, domest ic  d i l l  i s  m a in ly  consumed as f r e sh  

whole p la n t  be fo re  the bud fo rm at ion  or  a t  the f l o w e r in g  s ta ge  ( 1 ) du r in g  

a s h o r t  h a r v e s t i n g  p e r io d ,  w h i le  small  amounts o f  chopped d i l l  l e a ve s ,  

d r ied  o r  f ro zen ,  are a l s o  used.

E s s e n t i a l  o i l s  o f  herbs m a in ly  c o n s i s t i n g  o f  te rp e n o id s  are un s tab le  on 

exposure  to heat and l i g h t ;  so ,  the aroma o f  d i l l  markedly  decrease s  o r  

changes d u r in g  p r o c e s s i n g  such as d r y i n g  and f r e e z in g .

The main c o n s t i t u e n t s  o f  f r e s h  d i l l  before  f l o w e r in g  are a -p h e l l a n d re n e  

and 3 , 6 - d im e t h y l - 2 , 3 , 3 a , 4 , 5 , 7a-hexahydrobenzo fu ran  ( 1 - 4 ) .  The p r e l im in a r y  

s t u d i e s  on the e f f e c t s  o f  d i f f e r e n t  p roce s se s  on the aroma c o n s t i t u e n t s  o f  

d i l l  were performed by Drawert e t  a l .  (5) and S c h r e i e r  e t  a l .  (6 ).

The p re sen t  work was undertaken to  s tudy  the changes o c c u r r i n g  in  the
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composition and content o f  the v o l a t i l e  compounds in d i l l  processed by d ry ­

ing with  hot a i r  and f re e ze -d ry in g ,  in  order  to f ind  the optimum u n i t  oper­

a t ion s  f o r  an e f f i c i e n t  p re se rva t ion  o f  a high q u a l i t y  o f  d i l l .

MATERIALS AND METHODS

D i l l  (Anethum g r a v e o le n s  L. cv Mammut) was c u l t i v a te d  in  Central  F in land  

(Saha lah t i ,  61°30 '  N . l a t . )  on a p r e f e r t i 1ized l i g h t  sphagnum peat, huminoc- 

i t y  1-3 (F inn Peat, ST-400-82).  The whole p lan t s  were harvested  before 

f low er ing  and e i t h e r  a i r - d r i e d  or f reeze -d r ied .  The d ry ing  cond i t io n s  are 

presented in  Table I .  The d r ied  d i l l  samples were packed in  Aluminium f o i l  

laminate (7) and stored  at room temperature. Ana lyses  were c a r r ie d  out during 

the week a f te r  the harvest.

Aroma compounds were i s o la te d  by e x t ra c t in g  45 g o f  f re sh  d i l l  o r  10 g 

o f  d r ied  d i l l  f o r  6 h with 350 ml o f  a mixture o f  r e d i s t i l l e d  n-pentane and 

d ie thy l  ether (1:2  v/v) by u s ing  a modif ied Soxh le t - techn ique  in  which the 

s ide  tube o f  the re gu la r  apparatus was replaced by a column con ta in ing  g l a s s  

beads to prevent the cyc le  o f  aroma compounds. The e x t ra c t  was concentrated 

at  35°C with a Widmer column to 2 m l . A p u r i f i c a t i o n  of the concentrate was 

c a r r ie d  out a t  10°C on a s i l i c a  gel column as descr ibed by S che f fe r  et  a l .  

(8 ). Deta i led  in format ion  i s  a v a i l a b le  in our p rev ious  papers (1, 2).

GLC ana ly ses  o f  the aroma concentrates  were c a r r ie d  out on a gas chroma­

tograph Vari  an 3700 equipped with flame i o n i z a t i o n  detector  and connected 

to an in t e g ra t o r  Hewlett-Packard 3388A. Column: fused s i l i c a  (25 m x 0.32 mm 

i . d . )  coated with OV-351 ( f i lm  th ic kne s s  0.20 yrrt); column temperature, 70°C 

(2 min) then 70-230°C (2°C/min); c a r r i e r  gas,  N itrogen,  1.5 ml/min.

Mass spectra  were recorded at 70 eV on a VG A n a ly t i c a l  7070E instrument 

u s ing  the same GC column.

The to ta l  aroma content was ca lcu la ted  by u s ing  l i n a l o o l  as an in te rna l  

standard and summing up 70 c o r re spond íng peaks of  each chromatogram. I d e n t i ­

f i c a t i o n  methods have been d i scu ssed  in  more de ta i l  in  a p rev ious  paper ( 1 ).

RESULTS AND DISCUSSION

The moisture content o f  the d i l l  samples ( f r e s h ,  a i r - d r i e d  and f reeze-  

dr ied  re sp e c t i v e l y )  and the d ry ing  temperatures are presented in  Table I ,  

as well  as the abso lute  amounts o f  the v o l a t i l e  compounds as compared with 

the abso lute  amount in f re sh  d i l l  (= 1 0 0 %), and the to ta l  amounts o f  the 

aroma compounds in  the samples s tud ied.
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Table  I .  C h a r a c t e r ! s t i e s  o f  f r e s h ,  a i r - d r i e d  and f r e e z e -d r i e d  d i l l .

D i l l M o i s t u re
content

%

Dry i  ng 
temperature

Total  amount of  
aroma compounds 

mg/kg d ry  we ight

R e la t i v e  amount of  
aroma compounds

%

Fresh 89.7 - 3259 1 0 0 . 0
Ai r - d r i  ed 1 1 . 1 25 489 15.0
Ai r - d r i  ed 1 0 . 2 40 290 9.0
Ai r - d r i  ed 1 1 . 8 50 366 1 1 . 2
F ree ze -d r ied  I 2 . 2 -30 825 25.3
F ree ze -d r ied  I I 16.0 -30 1879 57.6

The to ta l  amount o f  aroma compounds in  a i r - d r i e d  d i l l  samples v a r ied  

from 290 mg/kg d ry  we igh t  to 489 mg/kg dry  we ight ,  depending on the d r y in g  

tem pe ra tu re s ; so ,  the lowest  aroma content  was obta ined  when the d ry in g  

temperature was 40°C, and the h i g h e s t  content  when the d r y in g  temperature 

was 25°C. The to ta l  amount o f  aroma compounds was 825 mg/kg dry  we ight  in 

f r e e z e -d r i e d  sample I ,  where the m o is tu re  content  was 2.2%. The co r re spond ­

ing  va lue  was 1879 mg/kg dry  w e igh t  in  sample I I ,  where the m o is tu re  con­

ten t  was 16.0%. The optimum m o is tu re  content  o f  d r ied  herbs i s  about 10%, 

s i n c e  the growth o f  d i f f e r e n t  moulds i s  p o s s i b l e  a t  h i g h e r  pe rcentages,  

and reh yd ra t ion  becomes more d i f f i c u l t  at  lower percentages.

Typ ica l  gas chromatograms o f  the aroma concen t ra te s  o f  f r e s h ,  f reeze -  

d r ied  and a i r - d r i e d  d i l l  (chromatograms A, B and C r e s p e c t i v e l y )  are shown 

in  F ig .  1. In each concentra te  70 compounds were detected between the s o l ­

vent peak (S)  and the po in t  i n d i c a te d  by an arrow. 13 components were 

i d e n t i f i e d  o f  which cx-pinene, a - p h e l 1 andrene , l imonene, p - p h e l 1 andrene , 

3 , 6 - d im e t h y l - 2 , 3 , 3 a , 4 , 5 , 7 a  -  hexahydrobenzofuran and m y r i s t i c i n  were the 

main ones.  Dur ing  both d r y in g  p roce s se s  a l s o  some not y e t  i d e n t i f i e d  com­

pounds in c rea sed  in amounts (peaks L3, 14 and V p j, o n ly  t h e i r  m o lecu la r  

w e igh ts  were determined).  The amounts o f  these  aroma compounds are p re ­

sented in  Table  I I .  a - P h e l 1andrene was the main compound in  f r e s h ,  f re e ze -  

d r ied  I I  and a i r - d r i e d  d i l l ,  whereas in  f r e e z e -d r i e d  sample I the most 

abundant compound was peak 1_3. The second abundant compound in f r e s h  d i l l  

was the benzofuran  d e r i v a t i v e . T h i s  compound has been reported  to e x h i b i t  

an odour s i m i l a r  to f r e s h  d i l l  herb ( 1 , 3) and i t  i s  th e re fo re  a d v i s a b le  

to  p re se rve  t h i s  compound d u r in g  d i l l  p ro c e s s in g .  I t  i s ,  however, ev iden t  

from the data g iven  in  Table  I I ,  that  seve re  l o s s e s  o f  aroma substances  

occur  du r in g  f r e e z e -d r y i n g  and a i r - d r y i n g .  The amount o f  t h i s  important  

compound was 3.6% ( f r e e z e - d r i e d  I )  and 22.5% ( f r e e z e -d r i e d  I I )  o f  the
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Table I I .  Amounts o f  some aroma compounds (mg/kg dry  weight)  in  f re sh ,  
f reeze -d r ied  and a i r - d r i e d  d i l l .  Numbering o f  the compounds 
corresponds to F ig .  1 ; t r  = t race  (< 1.0 mg/kg dry w e igh t ) ;
*  = 3 ,6 -d im ethy l -2 ,3 ,3a ,4 ,5 ,7a -hexahydrobenzo furan .

Peak No. Compound Fresh Freeze
I

-d r ied
I I

Ai r
25°C

-d r ied
40°C 50°C

1 a-P inene 57.8 6 . 1 30.5 11.7 6.4 13.6
2 Terpinolene 3.9 5.4 3.1 4.4 3.7 2.4
3 ß—Pinene 1 2 . 0 4.5 5.1 5.0 4.0 4.0
4 n-Undecane 5.7 t r 3.3 t r t r t r
5 a - P h e l 1andrene 1980.7 149.1 416.0 133.0 60.8 80.6
6 Limonene 100.3 6.9 2 0 . 0 6 . 8 2.9 4.0
7 ß -P h e l landrene 275.3 17.6 65.1 2 1 . 6 9.0 1 1 . 2
8 y -Terp inene 1 . 6 t r t r t r t r t r
9 p-Cymene 54.8 1.4 40.2 11.4 3.1 4.0

1 0 Benzofuran 
deri  vat i  ve* 397.9 14.4 89.4 4.9 t r t r

1 1 a-Terp i  neol 1 2 . 2 2 . 2 5.7 1.9 1.3 t r
1 2 Carvone t r 1 . 6 t r t r t r t r
13 MW = 278 10.4 260.0 382.4 63.3 38.7 26.4
14 MW = 278 2.3 38.0 48.3 5.2 3.0 8.4
15 MW = 278 3.1 59.0 65.1 7.6 4.5 9.5
16 M y r i s t i  ci n 44.0 15.1 42.6 5.7 2.7 3.0

o r i g i n a l value determined in f re sh d i l l  herb. In a i r - d r i e d  d i l l  the corre

spondi ng va lues  were 1 . 2 % (25°C) or on ly  t races  (40°C and 50 °C). Drawert

et a l .  (5) found more severe l o s s e s : 0 .8 % in  a i r - ■ dried d i l l and 1 .8 % i n

f reeze -d r ied  d i l l ;  the temperature o f  the a i r  was not reported.

Accord ing to the present  study the l o s s e s  o f  the main component in  f re sh  

d i l l ,  a - p h e l 1andrene, were a l s o  d r a s t i c :  7.5% ( f reeze -d r ied  I ) ,  21.0% 

( f re e ze -d r ie d  I I ) ,  6.7% (25°C),  3.1% (40°C) and 4.1% (50°C) o f  the f re sh  

d i l l  herb value were l e f t .  Losses  o f  o ther  d i l l  aroma compounds were o f  the 

same order.

The inc rease  of  the amounts of the u n id e n t i f i e d  compounds 1 3 , 14 and 15_ 

was remarkable. E s p e c i a l l y  in the f reeze -d r ied  samples 13 was one of the 

most abundant components, and so i t  e v id e n t ly  has a l s o  in f luence  on the 

aroma o f  f re eze -d r ie d  d i l l .  The i d e n t i f i c a t i o n  of  that  compound i s  our 

next prime subject .

The r e s u l t s  obta ined show that  the to ta l  aroma content o f  f reeze -d r ied  

d i l l  was about f o u r - f o l d  that  o f  d r ied  d i l l .  In a d d i t io n ,  the amount of  

3 ,6 -d im ethy l -2 ,3 ,3a ,4 ,5 ,7a -hexahydrobenzo fu ran ,  one o f  the most abundant 

and important aroma compounds in  d i l l ,  was much h igher  in the f reeze -d r ied  

samples than in  the a i r - d r i e d  ones. So, f re e ze -d ry in g  i s  s u p e r io r  to  a i r ­

d ry ing  in d i l l  p roce s s ing .
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F ig .  1 . Gas chromatograms o f  aroma concentra te s  i s o l a t e d  from f re sh  (A ) ,
f r e e z e -d r i e d  (B) and a i r - d r i e d  (C) d i l l .  In t .  s t .  = i n te rn a l  s t a n ­
dard ( l i n a l o o l ) ;  on ly  the peaks between the s o l v e n t  peak (S)  and 
the po in t  i n d i c a te d  by an arrow are inc luded  in  the c a l c u l a t i o n s .
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DIFFERENCES IN THE Y IELD OF PLANT MATERIAL, ESSENTIAL O ILS  AND THEIR  MAIN 
COMPONENTS DURING THE L IFE  CYCLE OF o r i g a n u m  v u l g a r e  L.

E. PUTIEVSKY, U. RAVID, S .Z .  HUSAIN

ABSTRACT

Ten s t r a i n s  o f  o r ig a n u m  v u l g a r e  L. s e le c te d  from w i ld  p o p u la t io n s  were 
s tud ied  f o r  the y i e l d  o f  p l a n t  m a t e r i a l ,  e s s e n t i a l  o i l s  and t h e i r  main 
components under i n t e n s i v e  c o n d i t i o n s  d u r in g  two y e a r s  o f  growth. They 
were d i v id e d  i n t o  th ree  groups  a cco rd ing  to t h e i r  c h a r a c t e r i s t i e s . The 
ch a ra c te r s  examined - f r e s h  w e igh t ,  biomass  r a t i o  between v a r i o u s  pa r t s  
o f  the p lan t ,  y i e l d  o f  e s s e n t i a l  o i l  and t h e i r  main c o n s t i t u e n t s  - show 
co n s id e ra b le  v a r i a t i o n  among the three g roups.  The connec t ion s  between 
the phenology, h a r v e s t  date and y i e l d ,  and percentage o f  e s s e n t i a l  o i l  
components are d i s c u s s e d .

INTRODUCTION

The c u l t i v a t i o n  o f  o r ig a n u m  v u lg a r e  L. in the M ed ite r ranean  reg ion  has 

been s tu d ie d  e x t e n s i v e l y  in  recent  y ea r s  (1 ) .  Du r ing  summer and autumn 

there  i s  no pheno log ica l  ev idence to i n d i c a t e  the a p p ro p r ia te  time f o r  

h a r v e s t i n g .  In  these  seasons  p la n t s  are harves ted  when the o l d e s t  leaves  

s t a r t  to  f a l l  ( 2 ) .  In  the s p r i n g ,  4-5 months a f t e r  the p r e v io u s  h a r v e s t ,  

the p la n t s  s t a r t  to f low er .  In  p lace s  where o r ig a n u m  i s  c o l l e c t e d  from 

w i ld  p o p u la t io n s  (Greece, Tu rkey ) ,  h a r v e s t i n g  s t a r t s  between the end o f  

the f l o w e r in g  pe r iod  and the b eg inn in g  o f  the seed fo rmat ion  (3, 4 ) .

The work presented  here was c a r r i e d  out to determine the optimum date 

f o r  s p r i n g  h a r v e s t i n g  in  o rd e r  to o b ta in  the h i g h e s t  y i e l d  o f  shoo ts  and 

e s s e n t i a l  o i l .  The data c o l l e c t e d  from the v a r i o u s  s t r a i n s  r ep re sen t  the 

c o n d i t i o n s  in  v a r i a b l e  p o p u la t io n s .

MATERIAL AND METHODS

Ten s t r a i n s  s e le c te d  from w i ld  p o p u la t io n s  o f  o r ig a n u m  v u l g a r e  in  

Greece, were propagated v e g e t a t i v e l y  by stem c u t t i n g s  in  the w in te r  1977, 

in  p l o t s  2.5  m x 10 m ( 5 ) .  Dur ing  1977 and 1978 each s t r a i n  was harves ted  

4 t imes;  the l a s t  h a r v e s t  was in  November 1978. The f e r t i l i z a t i o n ,  i r r i g a ­

t i o n  and h a r v e s t i n g  procedures  d u r in g  1977-1979,  are de sc r ibed  e lsewhere

(5 ) .

A . B aerheim  Svendsen and J .J .C . S ch e ffe r  (eds), Essentia l o ils  and a rom a tic  plants, ISBN-13: 978-94-009-5137-2 
© 1985 M a rtm u s  N i jh o f f/ D r  W. Junk  Pub lishers , D ord rech t, The N etherlands



186

The r e s u l t s  presented in t h i s  paper re fe r  to the t h i r d  yea r  o f  growth, 

i . e .  1979. From e a r l y  s p r in g  ( A p r i l )  u n t i l  the middle o f  the summer ( J u l y ) ,  

5 samples (0 .5  m x 1.0 m) were taken every  4 week from each s t r a i n ,  and 

weighed. Leaves, stems and in f lo re scence s  were separated and weighed im­

mediately  a f t e r  the harvest .  Samples (4 per s t r a i n )  were dr ied  at 40°C 

f o r  48 h and the content o f  e s s e n t i a l  o i l  in  the leaves  was determined 

with a C levenger-type apparatus.  Samples o f  the e s s e n t i a l  o i l  were ana­

lysed  by GLC (5 ) .

The 10 s t r a i n s  were d iv ided  into  3 groups - group A: s t r a i n s  4, 7, 8  

and 10; group B: s t r a i n s  2, 3, 5, 6 , and 9; group C: s t r a i n  1 (5 ) .  The 

data were co l le c ted  fo r  each s t r a i n ,  but are presented accord ing  to the 

groups mentioned.

RESULTS AND DISCUSSION

The f i r s t  ha rve s t  was made at the end o f  the w in te r  ( A p r i l ) ,  in which 

the f re sh  y i e l d  in  the three groups reached i t s  maximum leve l  ( F ig .  1).

As the time passed, the f re sh  y i e l d  decreased. The fresh  y i e l d  in  group 

C was almost the double o f  that  in  group A and B, but the lea f -percentage  

was a lmost three times g reate r  in  group B ( F ig .  2).  I t  i s  c le a r  that  

whereas the le a f  r a t i o  drops when the p lan t s  are not harvested, the i n ­

f lo rescence  r a t i o  in c rea se s .  In  group A and B i t  happened dur ing  May and 

June, but in  group C i t  happened before A p r i l .  The stem r a t i o  showed no 

change and was very s im i l a r  between the three groups (F ig .  2).

The e s s e n t i a l  o i l  content in  two o f  the three groups reached i t s  maxi­

mum leve l  a t  the beg inn ing  o f  May, when the p lan t s  were f low er ing  (Table 

I ) .  The content o f  e s s e n t i a l  o i l  was h ighest  in  group A and lowest in  

group C. There were great d i f fe rence s  in the phenols and to some extent 

in the content o f  monoterpene hydrocarbons between the three groups.  Even 

so, there were no great  changes in each o f  the main components dur ing  

matur i ty .  The content of  phenols increased in the three groups wh i le  the 

content o f  monoterpene hydrocarbons decreased in group A and B, and i n ­

creased in group C.

At the end o f  the w in te r ,  when i t  was p o s s ib le  f o r  the f i r s t  time to 

harvest  the Origanum  p lants  mechanica1l y , they reached the maximum y i e l d  

level  o f  f re sh  as well  as d r ied  leaves.  In some groups i t  was even p o s s ­

ib l e  to delay the ha rve s t  u n t i l  May with i t s  i n h ib i t e d  regrowth a b i l i t y  

in c u l t i v a t i o n  cond i t io n s  (2, 6 ). C o l l e c t i o n  of  Origanum  from natural
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F ig .  1* Changes o f  f r e s h  weight  d u r in g  the growth o f  three o r ig a n u m  
v u l g a r e  g r o u p s .

p o p u la t io n s  in  the f l o w e r in g  s tage  seems a p p ro p r ia t e  to the l i f e  c y c le  o f  

the p la n t .  E a r l i e r  c o l l e c t i o n  causes  s low regrowth w ith  some degree o f  

f l o w e r i n g ,  combined w ith  death o r  weakening o f  the p la n t s  (7 ) .  On the 

o the r  hand the optimum h a r v e s t  date f o r  a h igh  y i e l d  o f  e s s e n t i a l  o i l  i s  

in  May, when the p l a n t s  are a t  the e a r l y  f l o w e r in g  s ta ge .  T h i s  r e s u l t  i s  

i n  accordance w ith  o b s e r v a t i o n s  in  o the r  a romat ic  p la n t s  (8 ). The main 

c o n s t i t u e n t s  o f  the e s s e n t i a l  o i l  changed g r a d u a l l y  d u r in g  the m a tu r i t y  

o f  the pi ant ( 6 ).

The t a s t e  and aroma o f  group A were l e s s  pungent than those  o f  group 

B and C. Group A a l s o  had a sweet a l c o h o l i c  ch a ra c te r  and resembled the 

t a s t e  and aroma o f  sweet marjoram with  a p h en o l i c  pungency. Those v a r i a ­

t i o n s  cou ld  be used f o r  c u l t i v a t i o n ,  when the u se r s  become more f a m i l i a r



188

Da t e
F ig .  2. Changes in  va r iou s  pa r t s  of  the p lant  (percentage o f  to ta l  weight) 

dur ing  the growth o f  three  o r iga n u m  v u ig a r e  groups.

Table I .  Percentages o f  the e s s e n t i a l  o i l  and the main components during 
the growth o f  three groups o f  Origanum  v u ig a r e  s t r a i n s .

Date o f  
sampling Group A

Percentages

Group B Group C

E s s e n t i a l  o i l 11/4 4.0 3.8 2 . 2
9/5 4.9 4.3 4.4
6 / 6 4.5 4.0 3.5
4/7 4.3 3.5 3.2

Phenols  (thymol 11/4 20.4 72.8 54.4+ ca rvac ro l ) 9/5 2 0 . 6 76.6 55.5
6 / 6 24.3 75.0 56.4
4/7 26.2 76.7 56.5

Monoterpene 11/4 29.8 18.8 29.9
hydrocarbons 9/5 34.9 19.2 28.5
(p-cymene + y - 6 / 6 22.9 15.3 32.3
terp i  nene) 4/7 22.7 11.3 32.6



with uniform h igh  q u a l i t y  herbs in s tead  o f  v a r i a b le  products  c o l le c te d  

from w i ld  p op u la t ion s .

189

REFERENCES

(1) P u t ie v s k y  E, Basker  D. 1977, J. Hort.  S c i .  52:181.
(2) P u t ie v s k y  E. 1978, Hassadeh 58:1269 ( i n  Hebrew).
(3) Greenhalgh P. 1979, The market f o r  c u l i n a r y  herbs.  Report o f  the 

T rop ic a l  Products  I n s t i t u t e ,  No. G121, London.
(4) Pa r r y ,  JW. 1962, S p i c e s ,  t h e i r  Morphology, H i s t o l o g y  and Chemistry,  

New York, Chemical Publ . Co.
(5) P u t ie v s k y  E, Rav id  U. 1982, in:  Aromatic P la n t s :  B a s i c  and App l ied  

Aspects  (M a rga r i s  N, Koedam A, Vokou D, E d s . ) ,  The Hague/Boston/ 
London, Mar t inu s  N i j h o f f  P u b l i s h e r s ,  p. 237.

(6 ) Baske r  D, P u t ie v s k y  E. 1978, J. Hort.  S c i .  53:183
(7) P u t ie v sk y  E. 1985, Growing Aromatic P la n t s  in  Mountain Area without 

I r r i g a t i o n ,  in  p repa ra t ion .
(8 ) Duhan SPS, Garry  SN, Roy SK. 1975, I n d i a n  J. Pharm. 37:41.



191

COMPARATIVE STUDIES ON GROWTH AND VOLATILE OIL CONTENTS OF SOME INDUCED 
MUTANTS OF o r i g a n u m  m a j o r a n a

N.E. EL-KELTAWI, R.F. ABDOU, D.W. BISHAY

ABSTRACT

Marjoram (O riga n u m  majorana. L . )  i s  used in  medic ina l  as wel l  as in  pe r ­
fumery i n d u s t r i e s .  Seeds o f  marjoram con ta in  f i x e d  o i l .  Growers o f  aromat ic  
p lan t s  u s u a l l y  use seed p ropagat ion  f o r  marjoram. Th i s  method leads  to 
l e s s  e s s e n t i a l  o i l  p roduct ion  and to  a lower q u a l i t y  and q u a n t i t y  o f  the 
herb. I t  may be due to the se g r e g a t i o n s  o f  c e r t a i n  g e n e t ic  c h a r a c t e r i s t i c s  
o f  the p la n t .  On the o the r  hand, marjoram i s  e a s i l y  v e g e t a t i v e l y  propa­
gated w ith  both c u t t i n g s  and d i v i s i o n .

Chemical mutagens are cons ide red  as a mean to produce m u t a t i o n s . T r i -  
methanolamine (TMA), d ie thy lam ine  (DEA) and d ie t h y l  su lpha te  (DES) were 
a p p l ie d  at  c o n c e n t r a t io n s  o f  0 .005,  0 .05 ,  0 .25 ,  0 .5 ,  1 .0,  2.0  and 4.0%. 
Marjoram seeds were soaked in  f r e s h l y  prepared water s o l u t i o n s  o f  these 
chemica ls  f o r  4 h at  25°C. Germinat ion  percentages  were determined a f t e r  
one week. S e e d l i n g s  were c u l t i v a t e d  in  pots  o f  20 cm diameter.  S i x  mutants 
were se le c te d  and propagated w ith  c u t t i n g s  f o r  two ge n e ra t io n s .

The data o f  two seasons  showed the f o l l o w in g  r e s u l t s :  g e n e r a l l y ,  germina­
t i o n  percentage and c h a r a c t e r i s t i c  o f  p la n t s  d i f f e r e d  s i g n i f i c a n t l y  com­
pared w ith  the c o n t r o l ; the se le c te d  mutants showed a wide v a r i a t i o n  con­
ce rn ing  growth, f l o w e r i n g ,  e s s e n t i a l  o i l  conten ts ,  p h o to syn th e t ic  pigments 
in  le a v e s ,  and r o o t i n g  o f  c u t t i n g s ;  two mutants conta ined  n e a r l y  a double 
e s s e n t i a l  o i l  percentage compared w ith  the normal percentage o f  marjoram; 
one mutant conta ined  no e s s e n t i a l  o i l .

INTRODUCTION

O riga nu m  m a jo ra n a  L . ,  sweet marjoram, i s  ind igenou s  to Med iter ranean  

c o u n t r ie s  (1)  and i s  c u l t i v a t e d  in  Centra l  Germany, Hungary,  Southern 

France and USA ( 2 ) .  The p l a n t  i s  c u l t i v a t e d  in  Egypt f o r  i t s  l e a ve s ,  e s ­

s e n t i a l  o i l  and seeds.  The leaves  are used as condiment and the e s s e n t i a l  

o i l  i n  med ic ina l  and perfumery i n d u s t r i e s  (3 ) .  Marjoram seeds conta in  a 

f i x e d  o i l ,  which i s  used in c o n fe c t io n a r y  ( 2 ).

M o s t l y ,  growers o f  a romat ic  p la n t s  have used seed p ropaga t ion  f o r  mar­

joram. T h i s  method o f  p ropaga t ion  leads  to l e s s  e s s e n t i a l  o i l  p roduct ion  

and to  a lower q u a l i t y  and q u a n t i t y  o f  the herb, as a r e s u l t  o f  the v a r i ­

a t i o n s  between the p la n t s  in  the f i e l d .  I t  may be due to the se g re g a t io n s  

o f  c e r t a i n  g e n e t ic  c h a r a c t e r i s t i c s  o f  the p l a n t s .  On the o the r  hand, mar­

joram i s  e a s i l y  v e g e t a t i v e l y  propagated w ith  both c u t t i n g s  and d i v i s i o n .

A .  Baerheim  Svendsen and J .J .C . S ch e ffe r (eds), Essentia l o ils  and a rom atic  plants, ISBN-13: 978-94-009-5137-2 
© 1985 M a rtin u s  N i jh o f f/ D r  IV. Ju n k  Pub lishers, D o rd re ch t, The Netherlands
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Mutat ions  are the source o f  genet ic  v a r i a b i l i t y  and e vo lu t ion .  E f f o r t s  

were made to induce mutations in  order  to s e le c t  new or  e n t i r e l y  d i f f e r e n t  

c h a r a c t e r i s t i c s ,  which might be o f  i n t e r e s t  fo r  breeding programs.

Chemical mutagens were used fou r t y  yea r s  ago to induce mutations (4 ) .  

Most o f  the b i o l o g i c a l  e f f e c t s  induced in seeds by chemical mutagens can 

be observed as reduct ion  of  s u r v i v a l ,  seed germination percentage and 

s e ed l in g  growth. Moreover, an inc rease  in  the number of  chromosomal aber­

r a t i o n s  in  r o o t - t i p s ,  c h lo r o p h y l 1 - d e f i c i e n c y  mutant t i s s u e  chimeras and/ 

or  mutation frequency were not iced  (5 -9 ) .

The present experiments were aimed to induce mutants o f  h igh aromatic  

value in  sweet marjoram by u s ing  tr imethanolamine, d iethy lam ine  and d i ­

ethy l  su lphate  as mutagens.

MATERIAL AND METHODS

The i n v e s t i g a t i o n s  were c a r r ie d  out fo r  three succe s s ive  seasons,  

1981-82, 1982-83 and 1983-84, a t  the Experimental Farm o f  F l o r i c u l t u r e  

o f  the A s s i u t  U n i v e r s i t y ,  that  provided us with seeds o f  the loca l  v a r i e t y  

o f  sweet marjoram. Chemical mutagens were tr imethanolamine (TMA), d i e t h y l ­

amine (DEA) and d ie thy l  su lphate  (DES),  obta ined from Eastman Kodak.

The chemical mutagens were used at concent ra t ions  o f  0 .005,  0.05, 0.25,

0 .5 ,  1.0, 2.0  and 4.0%, bes ides  the contro l  treatment ( d i s t i l l e d  water).

In November 1981 800 seeds f o r  each treatment were soaked in  a f r e s h l y  

prepared s o lu t i o n  at 25°C f o r  4 h. The h a l f  o f  the t reated  seeds was 

washed thorough ly  with d i s t i l l e d  water and immediately l e f t  f o r  germina­

t ion  in Pe t r i  d i shes  f o r  1 week at  25°C, The germination percentage was 

ca lcu la ted .  The la y -o u t  of t h i s  experiment was b lock  randomized des ign  

with 4 r e p l i c a t e s .  The second h a l f  o f  the t reated  seeds were sown in  seed 

pans con ta in ing  N i le  loam s o i l .  They were placed in the shade and watered 

d a i l y .  A f t e r  germination had taken place the seed pans were t r a n s fe r re d  

to a sunny place to harden the s e e d l in g s ;  they were t r a n s f e r re d  to 2 0  cm 

pots in  the beg inn ing  o f  February  1982. The marjoram p lan ts  were arranged 

in b lock  randomized des ign  with  14 treatments and 4 r e p l i c a t e s .  Each p lo t  

comprised 10 pots. At the end o f  May 1982, the p lan t  he ight  was determined. 

Samples o f  in f l o re s c e nc e s  o f  some mutants were c o l le c te d  and photographed. 

S i x  p lan ts  o f  the whole experiment were se le c ted  as q.uite d i f f e r e n t  mutants 

accord ing  to the s t reng th  and sweetness o f  t h e i r  odour, the co lou r  o f  

t h e i r  leaves and the shape o f  t h e i r  in f l o re s c e n c e s .
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The se le c te d  mutants and the c on t ro l  p lan t s  were rep lan ted  in  30 cm 

pots  to  ob ta in  more growth f o r  stem c u t t i n g s .  In  mid August  1982, stem 

c u t t i n g s  o f  15 cm were used f o r  p ropaga t ion .  50 c u t t i n g s  o f  each mutant 

and the con t ro l  were examined f o r  r o o t i n g .  Each 10 c u t t i n g s  were p lanted  

in  a 15 cm pot f i l l e d  w i th  peat moss. The pots  were a r ranged  in  b lock  

randomized de s ig n  w ith  5 r e p l i c a t e s .  Meanwhile v e g e t a t i v e  p ropaga t ion  w ith  

stem c u t t i n g s  was done u n t i l  s u f f i c i e n t  p l a n t s  were ob ta ined  to c a r r y  out  

the exper iment o f  comparing the mutants.  A f t e r  1 month the r o o t i n g  percen­

tage was c a l c u l a t e d

In  the b eg inn in g  o f  October  1982, the rooted  c u t t i n g s  were t r a n sp la n te d  

i n t o  15 cm pots  f i l l e d  w i th  c l a y  s o i l .  A f t e r  1 month the p l a n t s  were r e ­

p lan ted  i n t o  25 cm po t s .  The p l a n t s  were arranged  in  b lo ck  randomized de­

s i g n  w i th  7 treatments  and 4 r e p l i c a t e s .  Each p l o t  comprised 6 p o t s .  In  

mid March 1983, data on the p la n t  h e ig h t  and t o t a l  f r e sh  we igh t  f o r  each 

mutant and the c o n t ro l  p l a n t s  were recorded. P h o to s y n th e t ic  p igments,  

c h l o r o p h y l l  a and b, c a ro te n o id s  and to ta l  p igments,  were determined in  

the f re sh  leave s  a c co rd in g  to Metzner  (10 ) .  E s s e n t i a l  o i l  percentages  in  

the f r e sh  le a ve s  were determined a cco rd ing  to  the Egyp t ian  Pharmacopoeia 

( 1 1 ) .  The y i e l d  o f  e s s e n t i a l  o i l  per  p la n t  was c a l c u l a t e d .  The experiment 

was repeated a t  the same dates  du r in g  the second season  (1983/84).  Average 

data o f  both se a sons  were s t a t i s t i c a l l y  ana ly zed  (12 ) .  In  mid June 1984, 

the amounts o f  seeds per p lan t  were recorded.

The e s s e n t i a l  o i l s  o f  the d i f f e r e n t  mutants and the con t ro l  p la n t s  were 

sub jec ted  to  q u a l i t a t i v e  and q u a n t i t a t i v e  s tudy  u s in g  TLC. S i l i c a  ge l  G 

on g l a s s  p l a t e s  was used as ad so rbent  and n -hexane -e thy l  acetate  (85:15 )  

as s o l v e n t  system. V a n i l l i n  s u l p h u r i c  a c id  sp ray  reagent  (1%) was used 

f o r  v i s u a l i s a t i o n  o f  the separa ted  components.

RESULTS AND DISCUSSION 

E f f e c t  o f  chemical mutagens

The data ob ta ined  on the ge rm ina t ion  percentage (see Tab le  I ) ,  revea led  

tha t  the treatment  o f  marjoram seeds w ith  TMA, DEA and DES s o l u t i o n s  o f

1 .0 ,  0 .25  and 0.005%, r e s p e c t i v e l y ,  s i g n i f i c a n t l y  reduced the ge rm inat ion  

percentage  compared w ith  the c o n t r o l .  C oncen t ra t ion s  over  0 .005% o f  DES 

complete ly  i n h i b i t e d  the seed ge rm ina t ion .  G e n e ra l l y ,  ge rm ina t ion  percen­

tage was decreased w ith  i n c r e a s i n g  mutagen c o n ce n t ra t io n .  The most e f f e c ­

t i v e  mutagen on reduc t ion  o f  the ge rm ina t ion  percentage was in  the f o l -
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lowing order DES > DEA > TMA at  the same concentra t ion .  S im i l a r  r e s u l t s  

were reported by Abdou (13) on wheat and by H i l d e r i n g  (7) on tomato, by 

u s ing  ethylene imine.

Table I .  E f fe c t  o f  chemical mutagens on seed germination and p lan t  he ight
of Origanum  m a jo rana  L.

Percentage o f  mutagens

0.005 0.05 0.25 0.50 1.0 2.0 4.0  Control

Germination percentage

TMA 92.3 8 8 .. 8 85.6 82..3 76. 8 51 .3 20.3 96.. 8
DEA 90.3 89.. 0 73.8 58.. 0 23. 0 7 .3 0
DES 82.8 0 0 0 0 0 0

PI ant he ight, in cm

TMA 19.0 2 2 ..5 24.8 27.. 0 29. 3 2 1 . 0 16.3 19.. 8
DEA 18.3 2 1 ..5 2 2 . 8 25,.5 17. 8 - -

DES 14.8 - - -

l s d 0 5 (germination percentage) = 2 1 .08 LSD.ns (p lan t  hei ght) - 1 . 6
LSDq i (germination percentage) 16 . 0 1 LSDq i (p lan t  hei ght) = 1 . 2

S i x  months a f t e r  sowing the seeds t reated  with 0 .05 -2 .0%  TMA and 0 .05 -  

0.5% DEA an improved he ight  o f  the marjoram p lan ts  was observed (Table I ) ,  

whereas a reduced p lan t  he ight  was observed with 0.005% DES and/or 1.0%

DEA. Many authors  (7, 13, 14) reported s i m i l a r  r e s u l t s  on some p lan t  spe ­

c ie s  a f t e r  treatment with  c e r ta in  chemical mutagens.

Many v a r i a t i o n s  between the p la n t s ,  p a r t i c u l a r l y  as to the growth and 

the shape o f  the in f l o re s c e nc e s  were seen as the e f f e c t  o f  the mutagens 

on the phenotype o f  the p lan t s  produced from the treated  marjoram seeds. 

A l so  v a r i a t i o n s  in c o lou r ,  th ic kne s s  and s i z e  o f  the leaves were observed.

Study o f  se lected  mutants

Genera l ly  a l l  mutants showed good r oo t in g  percentage. Apparen t ly ,  the 

percentage o f  the rooted c u t t i n g s  of  the se lec ted  mutants, except No. 6 , 

were s i g n i f i c a n t l y  h ighe r  than that  o f  the contro l  du r ing  both yea r s  

(Table I I ) .  Th i s  means that  there i s  no problem f o r  propagat ion  of  the 

se lected  mutants as new c u l t u ra l  v a r i e t i e s  o f  marjoram. The i n t e n s i t y  and 

the d i s t r i b u t i o n  o f  roo ts  on the c u t t i n g s  va r ied  f o r  the d i f f e r e n t  mutants.

The tota l  f re sh  weight o f  the mutants No. 2-6 was s u p e r io r  as compared 

with the contro l  p lan t s  du r ing  both yea r s  (Table I I ) .  The maximum y i e l d  

was obta ined from mutant No. 6 , whereas mutant No. 1 gave the lowest  f re sh
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weight  as compared w ith  the con t ro l  and/or the o the r  mutants.

The we igh t  o f  the a i r - d r i e d  seeds per p l a n t  showed v a r i a b l e  r e s u l t s  

(Table  I I ) .  The maximum y i e l d  o f  seeds was obta ined  from mutant No. 6 , 

the minimum from mutant No. 2. The percentage o f  o i l  d i s t i l l e d  from the 

f re sh  herb o f  marjoram showed v a r i a b l e  r e s u l t s  f o r  the d i f f e r e n t  mutants 

(Table I I I ) .  Mutants  No. 2,  4 and 6 conta ined  more e s s e n t i a l  o i l  compared 

to the c o n t r o l ,  whereas no s i g n i f i c a n t  d i f f e r e n c e s  were seen in  the o i l  

percentages  o f  mutants No. 3 and 5. No e s s e n t i a l  o i l  was obta ined  from 

mutant No. 1.

Table I I .  A b i l i t y  o f  the se le c te d  mutants on r o o t i n g ,  y i e l d s  o f  herbage 
and seeds d u r in g  the f i r s t  and second yea r .

Mutant Rooti  ng percentage Fresh we ight  Weight o f  seeds
No. 1982/83 1983/84 in  g per  p l a n t  in g per p la n t

1982/83 1983/84 1983/84

1 87.8 8 8 . 8 87.3 88.5 3.43
2 85.5 87.0 237.0 234.0 2.73
3 78.5 80.0 257.0 259.5 5.98
4 70.0 74.3 231.0 216.8 2.85
5 86.5 85 .8 254.5 242.5 5.70
6 62.5 63 .8 280 .8 285.3 7.35

Contro l 6 6 . 8 6 6 . 8 176.3 150.3 4.00

LSDqb 6.9 7.3 14.6 8.3 0.50
LSDq 1 9.4 9.9 19.9 1 1 . 2 0 . 6 8

Table I I I . E s s e n t i a l  o i l  percentage and o i l  y i e l d  per p lan t  in  f r e s h  herb
o f  the se le c te d  mutants o f  marjoram du r in g  the f i r s t  and
second year .

Mutant O i l  percentage (v/w) O i l  y i e l d in  ml per p lan t
No. 1982/83 1983/84 1982/83 1983/84

1 0 0 - -

2 0.73 0.75 1.73 1.75
3 0.49 0.48 1.28 1.25
4 0.76 0.78 1.76 1.67
5 0.43 0.43 1.08 1.04
6 0.62 0.61 1 . 6 6 1.74

Contro l 0.44 0.41 0 .78 0.61

LSD05 0.04 0.09 0.19 0 . 1 1
LSD0 i 0.05 0.14 0.30 0.17
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The data in Table I I I  ind ica ted  that  the o i l  y i e l d s  o f  the d i f f e r e n t  

mutants were su p e r io r  compared to the contro l  du r ing  both yea r s .  The 

e s s e n t i a l  o i l  samples from the d i f f e r e n t  mutants and from the contro l  

showed no d i f fe rence  in  co lou r ,  but they va r ied  in t h e i r  odour. TLC o f  the 

d i f f e r e n t  o i l s  d id not show any v a r i a t i o n  in  the number o f  c o n s t i tu en t s  

compared with  the c on t ro l .  So the d i f fe re n ce  in  the o i l  odour may be due 

to q u a n t i t a t i v e  v a r i a t i o n s  o f  the components.

Many i n v e s t i g a t o r s  have reported that  marjoram spec ie s  and v a r i e t i e s  

d i f f e r  in t h e i r  e s se n t i a l  o i l  percentage and q u a l i t y  (2,  15).

The co lou r  o f  the leaves i s  an important c h a r a c t e r i s t i c  f o r  the con­

sumers or  aromat ic p lan t s .  The data in  Table IV revealed that  mutants No.

1,5 and 6 contained l a r g e r  to ta l  amounts o f  pigments than the c on t ro l .

Some i n v e s t i g a t o r s  (5, 6 , 16) recorded that  mutation i s  an important 

f a c to r  a f f e c t i n g  ch lo rophy l l  accumulat ion.

Table IV. Amounts o f  pigments (mg/g f re sh  weight)  in  leaves  o f  the 
se lected  mutants of  marjoram

Mutant No. Ch lo rophy l l  a Ch lo rophy l l  b Carotenoids Total pigments

1 9.71 2.16 4.43 16.30
2 5.29 1.59 3.68 10.56
3 6.13 0.78 3.58 10.49
4 5.50 0.44 3.69 9.63
5 10.24 1.81 4.56 16.61
6 11.59 2.23 5.72 19.54

Control 6.13 0.80 3.57 10.50

LSDqs 1.08 0.25 0.33 1 . 0 2
LSDq i 1.47 0.34 0.45 1.39

I t  could be concluded that  mutant No. 6 i s  o f  high value f o r  the p ro ­

duction of  e s se n t i a l  o i l ,  leaves  and seeds,  and i t  i s  e a s i l y  propagated 

by c u t t in g .  So i t  can be used as a new cu l t u ra l  v a r ie t y .
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FORMATION OF ESSENTIAL OIL IN CLARY SAGE UNDER DIFFERENT CONDITIONS 

G. VERZAR-PETRI, M. THEN, S. MÉSZÂROS

ABSTRACT

Some f a c t o r s  o f  importance f o r  the q u a l i t y  o f  the e s s e n t i a l  o i l  o f  
s a l v i a  s d a r e a  are d i s cu s sed .  The e f f e c t  o f  environmental  c o n d i t io n s  and 
d i s t i l l a t i o n  parameters on the o i l  q u a l i t y  i s  pointed out. Under con­
t r o l l e d  c o n d i t i o n s ,  a s tandard q u a l i t y  o f  the e s s e n t i a l  o i l  can be 
achieved.

INTRODUCTION

P la n t s ,  c h i e f l y  in  the t r o p i c s  and the s u b - t r o p i c s ,  produce e s s e n t i a l  

o i l s  in  l a r ge  q u a n t i t y .  A l s o  in  Hungary the c l im a t i c  and s o i l  c o n d i t io n s  

are s u i t a b l e  f o r  c u l t i v a t i o n  o f  some medic ina l  p la n t s  and s p i c e s  c o n t a in ­

ing e s s e n t i a l  o i l s .

The i n d u s t r i a l  d i s t i l l a t i o n  o f  e s s e n t i a l  o i l s  takes  p lace  in  many b ig  

farms d i r e c t l y  from p lan t s  c u l t i v a t e d  there.  The h igh  p r i ce  o f  the v a r iou s  

o i l s  r e q u i re s  standard  q u a l i t y  tha t  can be achieved when good techno log ica l  

p rocesses  are used. The p lan t  m a te r i a l ,  i t s  deve lop ing  s ta ge ,  the p r o c e s s ­

ing  before  and a f t e r  h a r v e s t i n g ,  as well  as l a r g e - s c a l e  d i s t i l l a t i o n  (1-3), 

are important f a c t o r s  f o r  g i v i n g  a good q u a l i t y  o f  the o i l .  The aim o f  the 

work de sc r ibed  here, was to f i n d  optimum a g r i c u l t u r a l  and te ch no lo g ic a l  

parameters f o r  produc ing  h igh  q u a l i t y  e s s e n t i a l  o i l s .  The i n f lu e n c e  of  

externa l  c o n d i t i o n s  ( c l im a te ,  s o i l )  were s tud ied  in  o rder  to ob ta in  the 

best  ha rve s t .  The i n v e s t i g a t i o n s  were performed in  l a b o ra to ry  and in  f ie ld  

s c a l e s ,  v a r y in g  the comminution o f  the p lan t  mater ia l  and the amounts o f  

i t  in  the d i s t i l l a t i o n  apparatus.

MATERIAL AND METHODS

C la r y  sage,  s a l v i a  s d a r e a  L . ,  was used in  a l l  experiments.

The a n a l y s i s  of  the e s s e n t i a l  o i l s  was c a r r i e d  out with vo lum etr ic  as 

well  as p h y s ic a l  methods. Q u a l i t y  cont ro l  was performed with GC u s ing  a 

gas chromatograph Jeol 1100 equipped w ith  a g l a s s  column (2 m x 3.4 mm)

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, ISBN-13: 978-94-009-5137-2
©  1985 Martinus N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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packed with 3% OV-17 on Chromosorb W; other c ond i t io n s :  oven temperature, 

100-250°C (4°C/min); c a r r i e r  gas,  N itrogen. For some experiments c a p i l ­

l a r y  GC was a l s o  app l ied  (4).

RESULTS AND DISCUSSION

s a l v i a  s d a r e a  i s  a b ienn ia l  p lan t  in  Central  Europe. S p o ra d i c a l l y  i t  

f lowers  in  the f i r s t  year ,  but u s u a l l y  on ly  in  the second year.  Then the 

f i r s t  f low er ing  period i s  in  June-Ju ly  and the second one in September.

The 1 i n a l y l  acetate content that  cha rac te r ! ze s  the f ragrance  of  c l a r y  sage 

o i l  i s  h ighe s t  dur ing  the f i r s t  f low er ing  period in  the second year.  The 

e s te r  va lue,  ca lcu la ted  as l i n a l y l  acetate and used f o r  the s t a n d a rd i z ­

a t ion  o f  the o i l  may be as h igh as 70% (Table I ) .  E s te r  va lues  o f  French 

and En g l i s h  o i l s  are 54-70% and 34-53% re sp e c t i v e l y .  The f ree  l i n a l o o l ,

1 .8 - c in e o le  and limonene contents  are a l s o  c h a r a c t e r i s t i c  f a c to r s  with  

t h e i r  maxima in  the second yea r  as we l l .

The co lou r  o f  the o i l  i s  an important f a c to r  in  the trade. The d i s t i l ­

l a t i o n  can r e s u l t  in  a l i g h t - c o lo u r e d  o i l  when the p lan t  mater ia l  i s  ha r ­

vested in  the f i r s t  per iod o f  the second year.  A h igher  percentage of 

leaves  in the raw mater ia l  y i e l d s  a darker  o i l .

The e s se n t ia l  o i l  composit ion  in  leaves  d i f f e r s  from that  in f lowers.  

Main c on s t i t u e n t s  o f  l e a f  o i l  are 3 - thujone,  1 .8 -c in e o le  and te rpen ic  

ac id ;  bornyl acetate i s  a c h a r a c t e r i s t i c  e s te r .

S tudy ing  the e s s e n t ia l  o i l  composit ion  in  S a lv ia  s d a r e a  du r ing  the 

second f low er ing  period we found that  the contents of  g - thujone  and 

borneol are h igher  in  the f u l l - f l o w e r i n g  stage than in  the bud stage. 

Increase  o f  the e s te r  content takes place in  the f u l l - f 1owering stage.

The composit ion  of the o i l  changes dur ing  the whole per iod o f  ha rves t  

and d i s t i l l a t i o n .  The l i n a l y l  acetate content decreases often,  a-  and 3 - 

pinene d i sappear ;  1 .8 - c in eo le  and myrcene decrease, i n f lu e n c in g  the scent 

of the o i l .  In  the f i r s t  per iod o f  ha rve s t  a s u b s t a n t i a l  h igher  l i n a l y l  

acetate content was observed (5).

However, the l i n a l y l  acetate content v a r ie s  markedly and i s  in f luenced  

by externa l  c ond i t io n s .  In ad d i t io n ,  changes in the a lcohol  s o l u b i l i t y  

and op t ica l  r o t a t io n  a l s o  deserve a t ten t ion .  The composit ion  o f  e s se n t i a l  

o i l  samples produced in  v a r iou s  d i s t r i c t s  of  Hungary, i . e .  B ia to rbâgy ,  

Darânypuszta,  Herceghalom and Pâty, va r ied  to some extent.
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F in e ly  c u t t in g  o f  the p lan t  mater ia l  re su l ted  in  dark o i l s  with  a low 

e s te r  content. The o i l  y i e l d  in  d i s t i l l a t i o n  apparatuses with  much p lant  

mater ia l  i s  lower than that  in apparatuses con ta in ing  l e s s  mater ia l  (Table 

I I ) .  In l a b o ra to ry - s c a le  experiments the e s se n t ia l  o i l  composit ion o f  

p lan t  mater ia l  chopped up in to  p ieces  of  two d i f f e r e n t  s i z e s ,  2 - 3  mm 

and 8-10 mm re sp e c t i v e l y ,  was i n ve s t i g a te d .  Three f r a c t i o n s  were co l lec ted  

from each sample du r ing  a d i s t i l l a t i o n  per iod o f  2 h.

The main f ac to r s  f o r  an optimum product ion  o f  the e s s e n t i a l  o i l  from 

c l a r y  sage are the amount o f  p lan t  mater ia l  in  the d i s t i l l a t i o n  apparatus 

and the d i s t i l l a t i o n  period.

Table I I .  In f luence  of  the amount o f  p lan t  mater ia l  in the d i s t i l l a t i o n  
apparatus on the o i l  y i e l d  in  percentages.

Amount of  p lant Y ie ld  of Main c o n s t i tu en t
mater ia l  in  kg oi 1 of  oi 1

0.650 3 L in a l y l  acetate
1.500 2 Li nalool
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INFLUENCE OF ECOLOGICAL FACTORS ON THE CONTENT AND COMPOSITION OF THE 
THE ESSENTIAL OIL  IN s a l v i a  o f f i c i n a l i s

I .  P ITAREVIC, D. KUSTRAK, J. KUFTINEC, N. BLAZEVIC

ABSTRACT

The q u a l i t y  o f  sage leaves  {content  and composit ion o f  the e s s e n t i a l  
o i l )  c o l l e c te d  each month from November 1982 t i l l  May 1983 on two l o c a l ­
i t i e s ,  Kuna (700 m a l t i t u d e )  and Do l i  (200 m) was examined. In  the same 
per iod  m eteoro log ica l  data were recorded.The  amount o f  o i l  was determined 
by h y d r o d i s t i 1l a t i o n ,  and the compos it ion  was analyzed by GC.

INTRODUCTION

The summer 1982 was ch a rac te r i zed  by very  dry and hot weather,  and i t  

r e su l t e d  in retarded vege ta t ion  and slow development o f  sage leave s .  The 

c o nd i t io n  o f  the p lan t  mater ia l  in f luenced  the ha rves t  o f  sage leaves in  

the d i s t r i c t  o f  Dubrovn ik .  In the autumn, i . e .  in  September and e s p e c i a l l y  

in  October a r a i n y  pe r iod  w ith  a l o t  of  p r e c i p i t a t i o n  fo l lowed,  lead ing  

to an i n t e n s i v e  growth o f  the sage p la n t s .  We c o l le c te d  samples of  sage 

leaves and eva lua ted  t h e i r  q u a l i t y  with respect  to the amount and compo­

s i t i o n  o f  the e s s e n t i a l  o i l .  Th i s  report  i s  a part  of  our e x tens ive  i n ­

v e s t i g a t i o n s  on the y i e l d  and compos it ion  o f  Dalmatian sage o i l  ( 1 -2 ) .

MATERIAL AND METHODS

Samples o f  w i ld  growing Dalmatian sage (s a l v i a  o f f i c i n a l i s  L . )  were 

c o l le c t e d  at two l o c a l i t i e s  in  the Dubrovnik  d i s t r i c t :  Kuna (Konavle)  i s  

on the se a - s id e  s lope  o f  mount Sn jezn ica  at an a l t i t u d e  o f  700 m; Do l i  i s  

located  west o f  Dubrovnik  near the c i t y  o f  Ston at  an a l t i t u d e  o f  200 m.

The amount o f  e s s e n t i a l  o i l  was determined u s ing  the apparatus  of the 

Y ugo s la v ian  pharmacopoeia (3 ) ;  50 g o f  sage leaves  ‘ in  t o t o ' was taken 

and the d i s t i l l a t i o n  l a s t e d  fo r  3.5 h. R e f r a c t i v e  index and content o f  

ketones c a lc u la te d  as thujone were determined accord ing  to the procedure 

g iven  in  the same pharmacopoeia f o r  S a l v i a e  aetheroleum (hydroxylamine 

method).

Before the i n t r o d u c t i o n  o f  GC, the q u a l i t y  of  sage o i l  was eva luated

A . Baerheim Svendsen and J.J. C. Scheffer (eds), Essential oils and aromatic plants, ISBN-13: 978-94-009-5 137-2
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on the content o f  ketones,  ca lcu la ted  as thujone. Accordino to the phar­

macopoeia mentioned S a l v i a e  aetheroleum should  conta in  not l e s s  than 40% 

o f  ketones. We analyzed the o i l  samples a l so  by GC. A gas chromatograph 

Pye Unicam 204 equipped with FID and a home made P lu ro n ic  68  WCOT g l a s s  

c a p i l l a r y  column (30 m) was used; oven temperature, 70°C (5 min),  then 

70-200°C (3°C/min) and then isothermal 4 min; i n j e c t o r  and detector  250°C; 

c a r r i e r  gas,  Hydrogen.

The meteoro log ica l  data were co l lec ted  at the meteoro log ica l  s t a t i o n  

in Ston f o r  the per iod  June 1982-May 1983.

RESULTS AND DISCUSSION

Dalmatian sage i s  a xerothermophyl ic  spec ie s  and i t  grows spontaneous ly  

on rocky, extremely a r id  s o i l .  I n v e s t i g a t i n g  the samples from two d i f f e r ­

ent l o c a l i t i e s ,  we not iced s i g n i f i c a n t  d i f fe rence s  in the amount o f  e s sen ­

t i a l  o i l  in the leaves and in the percentages o f  the va r iou s  o i l  compo­

nents.  The amount o f  o i l  in  the samples from Kuna was h ighe r  than that  in  

the samples from Dol i  in  November-January (Table I ) .

Table I .  The amount in percentage o f  e s s e n t i a l  o i l ,  and i t s  t o ta l  content 
o f  thujone in S a lv ia  o f f i c i n a l i s  c o l le c ted  from November 1982 
t i l l  May 1983. *  No c o l l e c t i o n  because o f  the weather.

Sample Date of  harvest E s s e n t ia l  
% (v/w)

o i l  R e f ra c t ive  index 
( 20°C)

Total  thujone
%

Kuna ( Konavle)

1 1982 November 1 0 2.50 1.4668 42.04
2 December 2 1 1.82 1.4650 41.07

3 1983 January 25 1.50 1.4623 48.78
4 February *
5 March 30 1.24 1.4632 47.30
6 Apri  1 2 0 1.31 1.4655 36.50
7 May 23 2 . 2 0 1.4652 27.81

Doli  (Dubrovnik)

1 1982 November 2 0 1.90 1.4645 51 .42
2 December 2 2 1.50 1.4620 50.90

3 1983 January 24 1 .32 1.4626 52.51
4 February 24 1.24 1.4624 48.17
5 March 29 1.36 1.4615 51.82
6 Apri  1 25 1.40 1.4664 46.36
7 May 24 2.42 1.4630 41.32
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The maximum ab so lu te  temperature in  the Kuna reg ion  in  the summer i s  

40°C. There fo re ,  the rock s  there  accumulate more heat so that  the ground 

keeps a h igh  temperature lo nge r  than a t  D o l i .  Because o f  heavy p r e c i p i t a ­

t i o n  and low temperatures a t  Kuna in  February ,  we were not ab le  to c o l l e c t  

samples there  in  th a t  month. In  M a rch -Ap r i l  the amount o f  e s s e n t i a l  o i l  

was h ig h e r  a t  D o l i ,  where the s o i l  was warmed up e a r l i e r  than at  Kuna. In 

Table I I  the temperature and the amount o f  r a i n f a l l  are shown. In Novem­

ber  and December the temperatures were r e l a t i v e l y  h igh  and much p r e c i p i ­

t a t i o n  was noted.

Table I I .  M e teo ro lo g ica l  data du r ing  the sampl ing  pe r iod.

Month Temperature in  °C 
Maximum Minimum

R a i n f a l 1 
in mm

Number o f  r a i n y  days

1982 June 32.3 1 2 . 0 6 . 1 2
J u l y 34.0 14.7 56.2 6
August 33.5 13.5 60.1 6
September 33.0 1 1 . 0 210.9 5
October 28.5 5.0 385.6 15
November 2 2 . 0 3.0 178.2 7
December 18.0 - 2 . 0 312.0 16

1983 January 12.7 1 .7 13.5 3
February 10.5 1.3 116.1 1 2
March 15.3 4.9 87.3 9
Apr i  1 18.5 7.3 19.3 6
May 23.3 11.3 25.9 6

A long dry season shou ld  g ive  a h igh o i l  p roduct ion  ( 4 ) .  I t  can exp la in  

the r e l a t i v e l y  h igh  content o f  e s s e n t i a l  o i l  in  November at both l o c a l ­

i t i e s  (2.5% and 1.9%) a f t e r  the d ry  and hot months June-August .

The seasona l  v a r i a t i o n  o f  the main compoments i s  i l l u s t r a t e d  in  the 

F i g s .  1-3.  In  the samples i n v e s t i g a t e d ,  the content o f  thujone was always 

h igh e r  in  the samples from D o l i  than in  those  from Kuna ( F i g .  3).

Vernazza (5) emphasized tha t  the r e f r a c t i v e  index o f  sage o i l  h i g h l y  

depends on i t s  thujone content:  the h ighe r  the percentage o f  thujone,  the 

lower the r e f r a c t i v e  index.  We found t h i s  to be c o r rec t  a l s o  f o r  our  

samples (Table  I ) .
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F ig .  1. Seasonal v a r i a t i o n  o f  the main components of  Dalmatian sage o i l  
from Kuna.
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F ig .  2. Seasonal v a r i a t i o n  o f  the main components o f  Dalmatian sage o i l  
from D o l i .
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F i g .  3. Seasonal v a r i a t i o n  o f  a-  and [3-thujone in  Dalmatian sage o i l  from 
Kuna and D o l i .
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COMPOSITION OF THE ESSENTIAL OIL OF o r ig a n u m  m a j o r a n a  GROWN IN DIFFERENT 
LOCALIT IES IN TURKEY

E. SARER, J . J .C .  SCHEFFER, A.M. JANSSEN, A. BAERHEIM SVENDSEN

ABSTRACT

O riga nu m  m a jo r a n a , w i ld  growing in  Turkey, was c o l l e c t e d  in  three  l o ­
c a l i t i e s .  The co r re spond !ng  e s s e n t i a l  o i l s  were i n v e s t i g a t e d  by GC and GC- 
MS. The contents  o f  c a r vac ro l  and thymol v a r ie d  from 48-74% and 0 .5 -4% ,  
r e s p e c t i v e l y .  The o i l s  were a l s o  te s ted  a g a i n s t  b a c t e r i a ,  a y e a s t  and some 
f u n g i .  A remarkable e f f e c t  a g a i n s t  the fung i  used in  the s c ree n in g  was 
o b se rved .

INTRODUCTION

Origanum spec ie s  have been used in  medicine and as s p i c e s  ever  s i n c e  

a n t i q u i t y  — ma in ly  because o f  t h e i r  content  o f  e s s e n t i a l  o i l s ,  o r ig a n u m  

m a jo ra n a  L. (synonyms: M a jo ra n a  v u l g a r i s  M i l l e r ,  M a jo ra n a  h o r t e n s i s  Moench, 

o r ig a n u m  dub ium  B o i s s i e r )  i s  a n a t i v e  o f  Cyprus and the ad jacent  pa r t  of  

Southern  Turkey ( 1 ) .  In  a p rev iou s  s tudy  (2) we i n v e s t i g a t e d  the e s sen t ia l  

o i l  i s o l a t e d  from f lo w e r in g  pa r t s  o f  o .  m a jo ra n a  p l a n t s  grown near A lanya 

(Southern  Turkey) a long  the c o a s t .  The o i l  conta ined  l a r g e  amounts o f  

c a r v a c r o l . The h igh  percentage o f  pheno l ic  compounds was i n t e r e s t i n g  in  

view o f  l i t e r a t u r e  data on the sp e c ie s  concerned. For  t h i s  reason  mater ia l  

from two o the r  l o c a l i t i e s  was c o l l e c t e d  and sub sequent ly  ana lyzed.  In the 

p resent  paper the com pos i t ion  o f  the two o i l  samples i s o l a t e d  from t h i s  

m ate r ia l  i s  compared w ith  t h a t  o f  the o i l  sample s tu d ied  be fore  (2 ) .  The 

a n t im ic r o b i a l  a c t i v i t y  shown by the o i l  samples and by some o f  t h e i r  com­

ponents  i s  a l s o  de sc r ibed .

MATERIAL AND METHODS

F low er ing  p a r t s  o f  O riganum  m a jo ra n a  L. were c o l l e c t e d  near A lanya ,  

as the m ate r ia l  (= sample 1 ) s tu d ied  p r e v i o u s l y ,  but a t  an a l t i t u d e  of  

1000 m (= sample 2 ) ,  and near Ige l  some hundred k i lom ete r s  e a s t  o f  Alanya 

(= sample 3).  The p lan t  m ate r ia l  c o l l e c t e d  in  both l o c a l i t i e s  was d r ied  

at  room temperature and subjected  to h y d r o d i s t i 11a t io n  f o r  3 h u s in g  a

A. Baerheim Svendsert and J.J.C. Scheffer feds), Essential oils and aromatic plants, ISBN-13: 978-94-009-5 137-2
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Clevenger-type  apparatus.  The e s se n t ia l  o i l s  were compared by means o f  GC 

a n a l y s i s .  Comparison with  authent ic  samples and GC-MS were used f o r  i d e n t i ­

f i c a t i o n  o f  the o i l  c on s t i t u e n t s .  The c a p i l l a r y  GC and GC-MS were performed 

as descr ibed elsewhere (3).

In add i t ion  the e s se n t ia l  o i l  samples were tested  f o r  a c t i v i t y  a g a in s t  

some bac te r ia ,  a yea s t  and some fung i .  The an t im ic rob ia l  sc reen ing  was 

ca r r ie d  out by means o f  the agar o ve r la y  technique (3).

RESULTS AND DISCUSSION

The composit ion o f  the e s se n t ia l  o i l  o f  o .  m a jo ran a  (sample 1) that 

was s tud ied  p r e v i o u s l y  ( 2 ) ,  i s  shown in  the Tables I and I I .  Th is  sample 

was analyzed again under the present  a n a l y t i c a l  c o n d i t io n s ,  and the resu lts  

were compared with  those obtained in  1982. The o i l  composit ion  was a l so  

compared with that  of  the samples 2 and 3, and s t r i k i n g  d i f fe re n ce s  are 

g iven in  Table I I I .

Table I .  Composition o f  the mixture o f  monoterpene hydrocarbons from the
e s s e n t ia l  o i l  o f  o r iga n u m  m a jo rana  (sample 1). The mixture accounts 
f o r  13% o f  the to ta l  o i l ;  t r  = t race  (< 0.05%).

Compound % Compound %

Tr icyc lene t r a-Terp inene 7.4
ot-Pinene Q  0 Limonene 1.4
a-Thujene y . c

3 - P h e l1andrene 2.9
Camphene 1.7 ci  s - 3 - 0 cimene 1.0
3 -P i  nene 1.0 y -Te rp i  nene 24.8
A4-Carene 0.1 t r a n s - 3 - 0 cimene 0.5
A3-Carene 0.4 p-Cymene 36.0
Myrcene
a -P h e l1andrene 1 0 . 6

Terpinolene 0.7

Table I I .  Composit ion of  the mixture o f  oxygen -conta in ing  compounds (ex­
c l u s i v e  phenols)  from the e s se n t ia l  o i l  Of Origanum m a jo ran a  
(sample 1). The mixture accounts f o r  18% o f  the to ta l  o i l ;  t r  = 
t race  (< 0.05%).

Compound % Compound %
1.8 -C ineo le 1.4 Bornyl acetate t r
3-0ctanol 0.3 Terpi  nen-4-ol 3.6
Fenchone 1.5 ci  s -p -M e n th -2 -e n - l - o l 0 . 2
t rans -Sab inene  hydrate 2.7 Isoborneol t r
3 -Thujone 0.3 a-Terp i  neol 3.3
Menthone t r Borneo! 2 . 8
L ina loo l 76.6 Carvone 0 . 6
c i s - Sab inene  hydrate 1 . 6 Geraniol 0 . 2
t ra n s -p -M e n th -2 -en - l - o l 0.5
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Table I I I .  D i f f e r e n c e s  in  the com pos i t ion  o f  the e s s e n t i a l  o i l  samples
1, 2 and 3 o f  O riga nu m  m a jo ra n a .  For  sample 1 the f i g u r e s  ( p e r ­
centages o f  the to ta l  o i l )  obta ined  under the p re sent  a n a l y t i c a l
condi t i  ons and those obta ined  two yea r s  before are g iven.

Compound Sample 1 
1982

Sample 1 
1984

Sample 2 Sample 3

y -T e rp i  nene 3.1 3.4 5.9 5.7
p-Cymene 4.5 7.0 3.5 4.8
Li na loo l 14.1 17.5 28.9 4.4
Thymol 3.9 2 . 2 3.6 0.5
Carvac ro l 65.1 58.3 48.4 73.5

The r e s u l t s  o f  the a n t im ic r o b i a l  s c ree n in g  are shown in  Table  IV. A 

remarkable e f f e c t  o f  the o i l  samples and some o f  t h e i r  main components 

was observed,  in  p a r t i c u l a r  a g a i n s t  some fung i  t h a t  are known to cause  

s k i n  i n f e c t i o n s  in  humans. One shou ld  bear in  mind tha t  the Table  shows 

i n h i b i t i o n  d iameters  which have no d i r e c t  c o r r e l a t i o n  with  the a n t im ic r o ­

b i a l  a c t i v i t y  exp re ssed  as minimum i n h i b i t o r y  c o nce n t ra t io n  (MIC) v a lu e s .

Table  IV. The average  (N > 2) i n h i b i t i o n  zone ( i n  mm, i n c l u d i n g  d i s c s  of  
6 mm) f o r  o i l  samples o f  O riga nu m  m a jo ra n a  and f o r  some of  the 
main components. Bs -  B a c i l l u s  s u b t i l i s ' ,  Sa = S t a p h y lo c o c c u s  
a u re u s ',  E c  = E s c h e r i c h i a  c o l i ', Pa = Pseudom onas a e r u g in o s a ' ,
Ca = C and ida  a lb i c a n s ' ,  T c  = T r i c h o p h y t o n  c o n c e n t r i c u m ' ,  Tm =
T. m e n ta g ro p h y te s ' ,  T r  = T. rubrum ', 0 Of Pe t r i  d i s h e s  = 8 8  mm.

Bs Sa E c Pa Ca Tc Tm T r

Oil  sample 2 34 32 25 8 40 8 8 8 8 8 8
Oil  sample 3 31 40 25 8 32 8 8 8 8 8 8
y -T e rp i  nene 1 0 1 0 9 0 1 1
p-Cymene 7 7 0 0 8 7 8 8
Li na loo l 8 8 1 0 0 1 1 1 2 1 2
Thymol 35 32 2 1 7 29 8 8 8 8 8 8
Carvacro l 32 33 25 8 40 8 8 8 8 8 8

A lthough  1  kg o f  d r ied  m a te r ia l  was a v a i l a b l e  from both l o c a l i t i e s ,  

f u r t h e r  s t u d ie s  are n ece s sa ry  to i n v e s t i g a t e  whether the amounts o f  l i n a l o o l  

and pheno ls  are r e la t e d  to the occurrence  o f  d i f f e r e n t  chemotypes.
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COMPOSITION AND ANTIMICROBIAL ACTIV ITY  OF THE ESSENTIAL OIL  OF d u c r o s i a

ANETHIFOLIA

A.M. JANSSEN, J . J .C .  SCHEFFER, A. BAERHEIM SVENDSEN, Y. AYNEHCHI

ABSTRACT

The e s s e n t i a l  O i l  from herb Of D u c r o s ia  a n e t h i f o l i a  (DC.)  B o i s s . ,  
growing w i ld  in  I r a n ,  was i n v e s t i g a t e d  by combined LSC and GC, and GC-MS. 
The o i l  c o n s i s t e d  m a in ly  o f  a l i p h a t i c  compounds. a -P inene ,  myrcene and 
limonene were the main components o f  the hydrocarbons  t h a t  c o n s t i t u t e d  
13% o f  the o i l .  n -D e c a n a l , n-dodecanal , n -d e c a n o l , t ran s -2 -dodecena l  and 
c i s - c h r y s a n t h e n y l  acetate  were the major o x y g e n -c o n ta in in g  c o n s t i t u e n t s ,  
which accounted f o r  87% o f  the o i l .  The a l i p h a t i c  components can be held 
r e s p o n s ib l e  f o r  the remarkable  a c t i v i t y  o f  the herb o i l  a g a i n s t  gram­
p o s i t i v e  b a c t e r i a ,  C and ida  a l b i c a n s , and some dermatophytes.  The a n t i ­
m ic rob ia l  s c r e e n in g  was c a r r i e d  out  by means o f  the agar  o v e r la y  technique.

INTRODUCTION

D u c r o s ia  a n e t h i f o l i a ,  f a m i l y  Ap iaceae,  i s  n a t i v e  to A fg h a n i s t a n ,  I r a n ,  

I r aq  and Pak i s t an .  Recent ly  the ge n e r ic  l i m i t s  o f  the genus D uc ro s ia  were 

r e e s t a b l i s h e d  (1 ) .  In  I r a n  the p l a n t  i s  used to improve the smell  o f  foods 

and d r i n k s .  In t r a d i t i o n a l  medic ine  i t  i s  used to t r e a t  c a t a r rh ,  headache 

and backache; in  Karoon the seeds are  g iven  to c h i l d r e n  as an i n f u s i o n  in 

case o f  c o l i c  ( 2 ).

In a genera l  s c r e e n in g  f o r  a n t im ic r o b i a l  a c t i v i t y  the e s s e n t i a l  o i l s  

i s o l a t e d  from herb and f r u i t s  o f  d . a n e t h i f o l i a  were te s ted .  The herb o i l  

showed a remarkable  a c t i v i t y  a g a i n s t  some fung i  that  are known to cause 

s k i n  i n f e c t i o n s  in  humans, whereas the f r u i t  o i l  exerted  on ly  a small 

e f f e c t .  The o i l s  were a l s o  te s ted  f o r  a c t i v i t y  a g a i n s t  b a c t e r i a  and a 

y ea s t .  In  the p re sen t  paper we d e sc r ib e  the com pos i t ion  o f  the herb o i l  

o f  the p l a n t ,  and the a n t im ic r o b i a l  a c t i v i t y  shown by the o i l  and by some 

o f  i t s  main components.

MATERIAL AND METHODS

Fresh  leaves  and stems o f  D u c r o s ia  

w i ld  in  Karaj (40 km west  o f  Tehran),  

f r u i t s  were c o l l e c t e d  in  J u l y  1979 i n

a n e t h i f o l i a  (DC.) B o i s s . ,  growing 

were c o l l e c t e d  in May-June 1979; 

the same l o c a l i t y .  The e s s e n t i a l

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, ISBN-13: 97K-94-009-5137-2
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o i l  from the leaves and stems was i s o l a t e d  by h y d r o d i s t i l l a t i o n ,  f o r  2 h, 

u s ing  a C levenger-type apparatus. The average y i e l d  was 2% (v/w) o f  o i l .  

The f r u i t s  y ie lded  1.5% o f  o i l  a f t e r  h y d r o d i s t i l l a t i o n  f o r  6 h.

LSC over  s i l i c a  deact ivated by add i t io n  o f  5% water (3) was used to 

separate the hydrocarbons from the oxygen -conta in ing  compounds, and se c ­

ondly to f r a c t io n a te  the oxygen -conta in ing  components.

C a p i l l a r y  GC was performed u s ing  a gas chromatograph Packard 428. Con­

d i t i o n s :  columns, fused s i l i c a  (50 m x 0.23 mm i . d .  and 25 m x 0.22 i . d . )  

coated with CP-Wax 57 cb (0.19 ym) and CP-Si  1 5 cb (0.11 ym) r e sp e c t i v e ly ;  

oven temperature, 70°C (hydrocarbons) and 115°C (oxygen-conta in ing  com­

ponents);  i n j e c t o r ,  200°C; detector  ( F ID ) ,  200°C; c a r r i e r  gas,  N it rogen,  

1.2 ml/min. The samples were in jected  u s ing  the s p l i t  sampling technique 

( r a t i o  ca. 1:100).  Fu rther  d e t a i l s  of  the a n a l y t i c a l  procedures are g iven 

elsewhere (4).

In the sc reen ing  f o r  an t im ic rob ia l  a c t i v i t y  the f o l lo w in g  m ic ro -o rgan ­

isms were used: B a c i l l u s  s u b t i i i s  and s t a p h y lo c o c c u s  a u reu s  (g ram-pos it ive  

b a c t e r i a ) ;  Pseudomonas a e ru g in o s a  and E s c h e r i c h i a  c o l i  (gram-negat ive  

b a c t e r i a ) ;  Candida a lb i c a n s  ( y e a s t ) ;  T r ic h o p h y to n  m e n ta g ro p h y te s  var. 

i n t e r d i g i t a l e , T. rubrum  and E p id e rm op h y ton  f l o c c o s u m  ( f u n g i ) .  The bac­

t e r i a  and the yea s t  were brought in  the growing phase by incubat ion  in  a 

l i q u i d  medium. A f t e r  the incubat ion  per iod  the medium was d i l u ted  (1:20) 

with p h y s i o l o g i c  s a l t  s o l u t i o n  ( in  case o f  e . c o l i , 1 :40) ,  and the te s t  

p la tes  were inocu lated  with t h i s  suspens ion.  For the fungi  a d i f f e r e n t  

technique was used. A Sabouraud agar p late  was inocu lated  with  the fungus. 

Th is  p la te  was then incubated u n t i l  a t h i c k  mycelium was formed. The my­

celium was brought in to  15 ml o f  p h y s i o l o g i c  s a l t  s o l u t i o n  conta in ing  

0.001% o f  Tween 80 by means of  a t r a n s f e r  loop. Th is  su spens ion  was v i g o r ­

ou s ly  shaken and app l ied  to the t e s t  p la te s .  Further  d e t a i l s  are g iven 

in  Table I.

Table I. Methods of c u l tu re  f o r  the t e s t  organisms.

M ic ro -o rgan i  sm Culture  c ond i t io n s Test cond i t io n s

Bacter i  a 18 h at 37°C in  TSB (5) 24 h at  37°C on TSB agar
Yeast 18 h at 37°C in  TSB (5) 24 h at 37°C on MB agar
Fungi 7 days at 28°C on 7 days at 28°C on

Sabouraud agar ( 6 ) Sabouraud agar



215

The agar  o v e r la y  technique  (7)  was used f o r  the a n t im ic ro b ia l  a s say .

In Pe t r i  d i s h e s  (0 = 8 8  mm) f i l l e d  with  the adequate medium and seeded 

with  the t e s t  organism a f i l t e r  paper d i s c  ( 0 = 6  mm) was p laced. The d i sc  

was impregnated w ith  5 ul o f  the o i l s  or the compounds to  be te sted .  A f t e r  

the i n cuba t ion  pe r iod  i n d ica te d  in  Table  I the to ta l  diameter o f  the i n h i ­

b i t i o n  zone, i f  p re sen t ,  was measured. In o rde r  to check the s e n s i t i v i t y  

of  the t e s t  o rgan ism s,  5 yxl o f  the f o l l o w in g  s o l u t i o n s  o f  a n t i b i o t i c s  were 

app l ied  to the d i s c s :  s t reptom yc in  1 0  mg/ml in  water ( b a c t e r i a ) ;  n y s t a t i n  

50 mg/ml in  water ( y e a s t ) ;  g r i s e o f u l v i n  50 mg/ml in  acetone ( f u n g i ) .

RESULTS AND DISCUSSION
The percentage com pos i t ion  o f  the f r a c t i o n  o f  o xygen -co n ta in in g  compo­

nents from the herb o i l  o f  D u c r o s ia  a n e t h i f o l i a  i s  summarized in Table I I .  

By GC o f  the t o t a l  o i l  and the LSC f r a c t i o n s  the to ta l  percentages o f  

hydrocarbons  (13%) and o xygen -co n ta in in g  components (87%) cou ld  be comput­

ed. Se squ i te rpene  hydrocarbons  were h a rd ly  p resent  in  the herb o i l .

Table I I .  Composit ion  o f  the f r a c t i o n  o f  o xygen -con ta in in g  compounds from 
the herb o i l  o f  D u c r o s ia  a n e t h i f o l i a .  t r  = t race  (< 0 .05% ).

Compound % Ide n t i  f i  c a t i  on

1 .8 -C in e o le t r GC
n-Octanal 0 . 2 GC LSC
n-Nonanal 0.7 GC LSC
Fenchone 0 . 2 GC LSC
Ci t r o n e l 1al 0 . 2 GC LSC
n-Decanal 52.2 GC LSC MS
Li na loo l 0.3 GC LSC
n-Octanol 0.3 GC LSC MS
c i s -C h r y s a n th e n y l  acetate 5.4 GC LSC MS
t ran s -2 -Decena l 0 . 2 GC LSC MS
n-Nonanol 0 .4 GC LSC MS
Unknown 0.4 LSC MS (4)
Unknown 0.5 LSC MS (4)
Unknown 0.4 LSC MS (4)
n-Dodecanal 20.5 GC LSC MS
a -Te rp i  neol 0 .4 GC LSC MS
Gerani al 0 . 2 GC LSC
n-Decanol 6.3 GC LSC MS
Geranyl  acetate t r GC LSC
Ci t r o n e l 1ol 0.5 GC LSC MS
n-Undecanol t r GC LSC MS
Gerani ol t r GC LSC
t r a n s - 2 -Dodecenal 5.9 GC LSC MS
n-Dodecanol 0 . 8 GC LSC MS
n-Decano ic  ac id 1 . 8 GC LSC MS
n-Dodecano ic  ac id 0.3 GC LSC MS
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The r e s u l t s  o f  the an t im ic rob ia l  a ssay  are shown in Table I I I .  The 

o i l s  and the compounds te sted  are mainly  a c t iv e  a g a in s t  the g ram -pos i t i ve  

bac te r ia ,  the y ea s t  and the f u n g i ;  a l l  o f  these compounds cont r ibu ted  to 

the e f f e c t  o f  the o i l .  I t  i s  not uncommon that  a l i p h a t i c  aldehydes and 

a l c o h o l s  are ac t ive  a g a in s t  fungi  ( 8 , 9).  Our i n v e s t i g a t i o n  shows no marked 

d i f fe rence  in  i n h i b i t i o n  between n-decanol and n-dodecanol f o r  b ac te r ia ,  

whereas in  the case o f  the y e a s t  and the fungi  the i n h i b i t i o n  zones o f  

these compounds are d i f f e re n t .  One should bear in mind that  Table I I I  

shows i n h i b i t i o n  diameters which have no d i r e c t  c o r r e l a t i o n  with  the a n t i ­

m ic rob ia l  a c t i v i t y  expressed as minimum i n h i b i t o r y  concentrat ion  (MIC) 

v a l u e s .

Table I I I .  The average (N > 3) i n h i b i t i o n  zone ( in  mm, in c lud in g  d i s c s  of  
6 mm) f o r  o i l s  of  D u c r o s ia  a n e t h i f o l i a ,  f o r  some o f  the main 
components and f o r  s o lu t i o n s  o f  a n t i b i o t i c s ,  b s  ~ B a c i l l u s  s u b -  
t i l l s ' ,  Sa = S ta p h y lo c o c c u s  a u reu s ',  Pa = Pseudomonas a e ru g in o s a ' ,  
Ec  = E s c h e r i c h i a  c o l i ' ,  Ca = Candida a lb i c a n s ' ,  Tm = T r ic h o p h y to n  
m e n ta g ro p h y te s  ', T r  ~ T. rubrum ', E f  = E p id e rm op h y ton  f l o c c o s u m .

Bs Sa Pa Ec Ca Tm T r E f

Herb o i l 70 29 0 0 63 84 8 8 8 8
F r u i t  o i l 7 7 0 0 7 26 24 23
n-Decanal 25 16 0 0 8 8 57 87 86
n-Dodecanal 17 18 0 0 9 56 60 78
n-Decanol 15 17 0 0 8 8 87 65 65
n-Dodecanol 8 14 0 0 1 0 13 1 2 9
t r a n s - 2 -Dodecenal 60 25 0 7 13 71 8 6 78
Streptomyci n 2 1 17 16 16
Nystat i  n 13
Gri s e o fu l v i  n 2 0 26 32
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EFFECTS AND S IDE-EFFECTS OF ESSENTIAL OILS 

H. SCHILCHER

ABSTRACT

E s se n t ia l  o i l s  are not on ly  very  complex composed but a l s o  chem ica l ly  
very  heterogeneous.  No wonder, that  many d i f f e r e n t  e f f e c t s  are known. 
Pharmacological  and c l i n i c a l  t e s t s  and exper ience o f  the t r a d i t i o n a l  
medicine show tha t  e s s e n t i a l  o i l s  have the f o l l o w in g  e f f e c t s  on externa l  
a p p l i c a t i o n :  hyperaemic, an t i in f lam m ato ry ,  a n t i s e p t i c ,  g r a n u la t io n  s t im u­
l a t i n g ,  deodo r iz in g ,  i n s e c t i c i d e  and r e p e l l e n t  a c t io n s .  On ora l  a p p l i c a ­
t ion  the f o l l o w in g  e f f e c t s  are observed: e xpec to ra t in g ,  appe t i te  s t imu­
l a t i n g ,  c h o l e r e t i c ,  c h o l e k i n e t i c , ca rm ina t ive ,  spa sm o ly t i c ,  a n t i i n f l a m ­
matory,  a n t i s e p t i c ,  d i u r e t i c ,  seda t ive  and c i r c u l a t i o n  s t im u la t in g .  Many 
other  e f f e c t s  are reported  in the t r a d i t i o n a l  medicine.

The main s i d e - e f f e c t s  of  e s s e n t i a l  o i l s  are a l l e r g i c  r e a c t io n s ,  some 
o i l s  have phototox ic  e f f e c t s ,  on ly  a few e s s e n t i a l  o i l s  show n ec ro t i c ,  
n a r c o t i c ,  neph rotox ic ,  hepatotox ic  and cancerogen ic  a c t io n s .  In many 
cases  the s i d e - e f f e c t s  are pu re ly  t o x i c  e f f e c t s  caused by misuse o f  
e s s e n t i a l  o i l s .

INTRODUCTION

S ince anc ien t  times e s s e n t i a l  o i l s  have been used in therapy and as 

s p ic e s .  However, s in ce  e s s e n t i a l  o i l s  u s u a l l y  are very  complex m ixtures  of 

mono- and se squ i te rpenes  as well  as phenyl propane d e r i v a t i v e s  (hydrocarbons 

and severa l  types o f  oxygen -con ta in in g  compounds) the va r iou s  e s se n t ia l  

o i l s  have often  qu i te  d i f f e r e n t  e f f e c t s .  Some o f  them are summarized in 

Table I .

Table I .  E f f e c t s  and s i d e - e f f e c t s  o f  e s s e n t i a l  o i l s .

External  a p p l i c a t io n In te rna l  a p p l i c a t io n

- hyperaemic - e xpec to ra t in g
- an t i in f lam m ato ry - appe t i te  s t im u la t in g
- a n t i s e p t i c / d i s i n f e c t a n t - c h o l e r i c ,  c h o l e k i n e t i c ,
- g ra n u la t io n  s t im u la t i n g carm inat ive
- deodo r iz ing - a n t i s e p t i c / d i s i n f e c t a n t
- i n s e c t i c i d e / i n s e c t  r e p e l le n t - sedat ive

- c i r c u l a t i o n  s t im u la t i n g

A. Baerheim Svendsen andJ.J.C . Scheffer (eds), Essential oils and aromatic plants, ISBN-13: 978-94-009-5137-2
©  1985 Martinus N ijhoff/Dr W. Junk Publishers, Dordrecht, The Netherlands
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EXTERNAL APPLICATION

Because o f  the l i p o i d  s o l u b i l i t y  of e s se n t i a l  o i l s  they are e a s i l y  r e ­

sorbed v ia  s k in  and mucosa. A lready in  1940 S t r a h l i  (1) examined the per­

cutaneous re so rp t ion  o f  a number of  e s se n t i a l  o i l s  and found that  a f t e r  

0 .5 -2  h a l l  e s se n t i a l  o i l s  i n ve s t i g a te d  were detected in the e x p i ra t ion  a i r .

Later,  other  workers s tated  a good re so rp t ion  o f  e s se n t i a l  o i l s  through 

the s k in ,  and data were publ i shed on the re so rp t ion  dependant on time.

Katz (2) demonstrated that tu rpent ine  o i l ,  1 .8 -c ineo le  and a-p inene were 

resorbed w ith in  2 0  min, euca lyptus  o i l  and thyme o i l ,  eugenol , l i n a l o o l ,  

anethole,  1 i n a l y l a c e t a te  , geranyl  acetate and methylnonylketone w ith in  

20-40 min, an i se  o i l ,  bergamot o i l ,  lemon o i l  and methyl s a l i c y l a t e  w ith in  

40-60 min, c i t r o n e l l a  o i l ,  pine needle o i l ,  lavender o i l ,  geranium o i l  

and cinnamaldehyde w ith in  60-80 min and co r iander  o i l ,  common rue o i l ,  

peppermint o i l ,  c i t r a l , c i t r o n e l l a  o i l  and ge ran io l  w i th in  1 0 0 - 1 2 0  min. 

La te ly  Rommelt et a l . (3) came to the same r e s u l t s  and sta ted  that  the sk in  

penetrat ion  o f  terpenes,  when app l ied  in a bath, i s  1 0 0  t imes be tte r  than 

that o f  water and 10 000 times be tte r  than that  o f  sodium c h lo r id e .  I t  was 

a l so  proved that  terpenes were con s tan t ly  resorbed and e l im inated  by the 

b l o o d - v e s s e l s ,  so that  a f low ing  balance occurred. The changes o f  the con­

cen t ra t ion  in the blood and the e xp i ra t ion  a i r  o f  a -  and 3 -p inene,  cam- 

phene, l imonene, camphor and borneol were descr ibed (4).  The t e s t s  were 

performed with pine needle and rosemary o i l .

Hyperaemic e f fec t

E s se n t ia l  o i l s  w i th in  a hyperaemic e f fe c t  do not on ly  cause a better  

loca l  b l o o d - c i r c u l a t i o n ,  which can e a s i l y  be observed by a redness  o f  the 

s k in ,  but they are a l s o  i n f l u e n c in g  the inne r  organs.  The loca l  s k in -  

i r r i t a t i o n ,  the 'p r imary  i r r i t a t i o n 1, se t s  f ree  mediators in  the body 

(e .g.  b ra d y k in in ) ,  which in turn cause v a so d i l a t a t i o n .  The loca l  s k i n -  

i r r i t a t i o n  can a l s o  have an in f luence  on the inner  organs ( r e l i e f  o f  pa in ,  

e f fe c t  of  ' c a rd ia c  o intments '  in some cases of  angina p e c t o r i s ) .  The p r i ­

mary i r r i t a t i o n  a l s o  causes humoral r e a c t ion s ,  the r e s u l t s  of  which can be 

observed as an ant i in f lammatory  e f fe c t .  Thus, bes ides  an agreeable f e e l i n g  

o f  warmth, r e l i e f  o f  pain (e .g.  muscle and nerve d i se a se s )  a l s o  a n t i i n ­

flammatory e f f e c t s  can be observed.

Dependant on the degree o f  s k i n - i r r i t a t i o n  one d i s t i n g u i s h e s  between 

rube fac ien t s ,  v e s i c a n t s  and suppurants.  The rube fac ien ts  cause on ly  an
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in c reased  b l o o d - c i r c u l a t i o n .  I t  can be observed as redness o f  the s k in .  

Rubefac ients  are o ften  used in  therapy.  One d i s t i n g u i s h e s  between externa l  

an t i rheum at ic s  and an t i in f lam m ato ry  agents.  The i n d i c a t i o n s  in c lude  rheuma­

t i c  d i s e a se s  o f  the j o i n t s ,  lumbago, n e u r i t i s ,  s c i a t i c a ,  shou lder-a rm  s y n ­

droms, etc.  as well  as b l o o d le s s  s p o r t  i n j u r i e s  such as s p r a i n ,  b r u i s e ,  

c ru sh ,  etc.

In r u b e fa c ien t s  one u s u a l l y  f i n d s  some o f  the f o l l o w in g  e s s e n t i a l  o i l s  

o r  compounds i s o l a t e d  from them: euca lyp tu s  o i l ,  g a u l t h e r i a  o i l ,  j u n ip e r  

be rry  o i l ,  rosemary o i l ,  r e c t i f i e d  tu rpen t ine  o i l ,  camphor and methyl s a l i ­

c y la te .  Pharmaceutical  p rep a ra t ion s  are l i n im e n t s ,  t i n c t u r e s  o r  a l c o h o l i c  

s o l u t i o n s ,  e x t r a c t s  and o i l s  f o r  bath,  ointments and ge l s .

The v e s i c a n t s  cause f a r  s t r o n g e r  s k i n - i r r i t a t i o n  and may even cause 

b l i s t e r s .  They are sometimes used in  the treatment o f  some ch ron ica l  d i s ­

eases.  The e s s e n t i a l  o i l s  mentioned above w i l l  on ly  cause b l i s t e r s ,  when 

app l ied  in  r e l a t i v e l y  h igh doses over  a longer  per iod  o f  time. Typ ica l  

v e s i c a n t s  are c a n t h a r i d i n e , mustard o i l ,  c a p sa i c in e  as well as c roton o i l ,  

the l a s t  o f  which shou ld  not be used at a l l .

The suppurants  cause g le e t y  b l i s t e r s .  However, suppurants  are ob so le te  

s i n c e  they may cause n e c r o s i s .

A n t i i n f 1ammatory e f f e c t

There are many reasons  f o r  the an t i in f lam m ato ry  e f f e c t  o f  e s s e n t i a l  o i l s ,  

and i t  v a r ie s  f o r  d i f f e r e n t  o i l s .  One pa r t  o f  the re ac t ion  mechanism may be 

the s t a r t i n g  o f  secondary  b iochemical  p r o ce s se s ,  whereby humoral mechanisms 

s t im u la te  a number o f  l e u cocy ta ry  re a c t io n s  (5 ) .  A lthough a s e r i e s  o f  t e s t s  

on an ima ls  have been c a r r i e d  out ( 6 - 8 ), the mechanisms have so f a r  not been 

f u l l y  exp la ined .  However, one seems to agree on that  e s s e n t i a l  o i l s  through 

s k i n - i r r i t a t i o n  are s e t t i n g  f ree  or are b ind ing  endogenous sub s tance s ,  

whereby the lo ca l  in f lammation  p roce ss  i s  in f luenced .

The a n t im ic r o b ia l  a c t io n  o f  e s s e n t i a l  o i l s  i s  a l s o  an important aspect  

o f  t h e i r  a n t i i n f 1ammatory e f f e c t .  A l s o  the s k i n  i r r i t a t i n g  e f f e c t  which 

causes a b e t te r  loca l  b l o o d - c i r c u l a t i o n  i s  o f  importance. Often loca l  i n ­

f lammations s t a r t  because o f  d i s t u rb a n c e s  in  the b l o o d - c i r c u l a t i o n , caused 

by c o n t ra c t io n  o f  the a r t e r o l e s .

An an t i in f la m m a to ry  e f f e c t  has been proved f o r  the f o l l o w in g  p la n t s  and 

t h e i r  e s s e n t i a l  o i l s :  chamomile c o n ta in in g  m a t r ic in e ,  chamazulene and 

( - ) - a - b i s a b o l o l  ( 9 ) ,  yarrow f low e r ,  a rn ica  f low er  c o n t a in in g  thymol in  the



220

e s se n t ia l  o i l  as well as the sesqu ite rpene  lactones  he lena l ine  and he le -  

nal ine acetate in the t in c tu re  (10),  and turpent ine  o i l .

The pharmaceutical ant i in f lammatory  p repa ra t ion s  are most ly  a l c o h o l i c  

e x t ra c t s  ( t i n c t u r e s ) ,  ointments and ge l s  in  which a l c o h o l i c  e x t ra c t s  are 

i nco rpo ra ted .

In some commercial chamomile p reparat ions  i t  has been found that  semi- 

s y n the t ic  guaiazu lene  has been added in order  to obta in  the azulene con­

tent claimed fo r  the p repa ra t ion s  (11).  However, gua iazu lene  has a marked­

l y  l e s s  ant i in f lammatory  e f f e c t  than the n a t u r a l l y  o ccu r r in g  m a tr ic ine  

from chamomile. Th is  holds a l s o  t rue  fo r  s y n the t ic  b i s ab o lo l  and ( + ) - a -  

b i s a b o l o l ,  which i s  i s o la te d  from Popu iu s b a is a m i f e r a .  A l so  these b i s a b o l -  

o l s  are used in order  to g ive  the p reparat ion  the ' cham om i le -b i s abo lo l ' -  

content claimed.

D i f fe rence s  in the rapeut ica l  a c t i v i t y  of  chamomile p repa ra t ion s  may be 

found in  a d u l te ra t io n s  o f  the kind mentioned.

A n t i s e p t i c  e f fe c t

The a n t i s e p t i c  a c t i v i t y  o f  many e s se n t ia l  o i l s  has been known f o r  a long 

time and many m ic rob io lo g ic a l  s tu d ie s  have been performed on e s s e n t i a l  o i l s  

(12).  However, l i t t l e  i s  known about the mechanism o f  a c t ion  o f  e s se n t i a l  

o i l s .  The i r  l i p o i d  s o l u b i l i t y  and, the re fo re ,  t h e i r  p o s s i b i l i t y  to pene­

t ra te  in to  the c e l l s  may g ive  r i s e  to in f luence  on the metabolism of  the 

micro-organisms and thus g ive  an exp lanat ion  o f  the e f fe c t .  Th is  i s  in 

agreement with the ob se rva t ion  o f  Malowan (13),  who found that  the a n t i ­

se p t ic  a c t i v i t y  of  many compounds i s  dependant on t h e i r  l i p o i d  s o l u b i l i t y .

The b a c te ro s t a t i c  a c t i v i t y  o f  e s s e n t i a l  o i l s  can p a r t l y  be expla ined by 

t h e i r  su r face  a c t i v i t y  (14).

The p h e n o l - c o e f f i c ie n t  of Rideal  et a l . (15) and Mart inda le  (16) shows 

that va r iou s  e s s e n t i a l  o i l s  have a h i g h l y  d i f f e r e n t  bac te r i c id e  e f fe c t .

The p h e n o l - c o e f f i c ie n t  in d ica te s  how many times weaker or s t r o nge r  a 

bac te r i c id e  e f f e c t  o f  an e s s e n t ia l  o i l  i s  when compared with  p heno l (= 1.0).  

Table I I  shows the p h e n o l - c o e f f i c i e n t s  o f  some e s s e n t ia l  o i l s  and some 

compounds i s o l a t e d  from such o i l s .
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Table I I .  Phenol- c o e f f i c i e n t s  o f  some e s s e n t i a l  o i l s  and pure compounds 
i s o l a t e d  from e s s e n t i a l  o i l s .

E s s e n t i a l  o i l Compound P h e n o l - c o e f f i c i e n t

An ise  seed o i l 0.4
Peppermint o i l 0.7

Menthol 0.9
Lavender o i l 1.6
Lemon o i l  (Java) 2.2

Ci nnamaldehyde 3.0
Ci t r a l 5.2
Camphor 6.2

Clove o i l 8 .0
Eugenol 8.6

Fennel o i l 13.0
Thyme o i l 13.2

Thymol 20.0
Chlorothymol

( s y n t h e t i c )
75.0

The p h e n o l - c o e f f i c i e n t  t e s t  g i v e s  on ly  a r e l a t i v e l y  rough impress ion  

of  the b a c t e r i o s t a t i c  or  b a c t e r i c id e  a c t i v i t y .  The method has been 

c r i t i c a l l y  i n v e s t i g a t e d  l a t e r  on (17).

In a number o f  papers  (18)  the f u n g i s t a t i c  and f u n g ic id e  a c t i v i t y  of  

e s s e n t i a l  o i l s  have been s tu d ied ,  such as fennel o i l ,  c love  o i l ,  c inna -  

mom o i l  and thymol. They were a c t i v e  a g a i n s t  Candida a l b i c a n s ,  S p o r o t r i -  

chon  and T r i c h o p h y t o n  s p e c ie s .

S tud ie s  have a l s o  been performed on the f u n g i s t a t i c ,  r e s p e c t i v e l y  

f u n g ic id e  a c t i v i t y  o f  chamomile o i l ,  chamazulene, ( - ) - a - b i s a b o l o l  , etc. 

(19 ,20 ) .  Recent ly  a l s o  the f u n g ic id e  e f f e c t  o f  chamazulene and ( - ) - a -  

b i s a b o lo l  on T r i c h o p h y t o n  ru b r u m , T. m e n t a g r o p h y t e s , T. t o n s u r a n s ,  T. 

qu inckea nu m  and M ic ro s p o ru m  c a n is  was i n v e s t i g a t e d  (21).  Both compounds 

had a f u n g ic id e  a c t i v i t y  in  r e l a t i v e l y  h igh  do se s ,  ( - ) - a - b i s a b o l o l  showed 

a s t r o n g e r  a c t i v i t y  than chamazulene. In concen t ra t ion s  o f  200 ug/ml both 

compounds were a c t i v e .  S im i l a r  r e s u l t s  were reported r e c e n t l y  (22).

G ranu la t ion  s t im u la t i n g  e f f e c t

The g r a n u la t io n  s t im u la t i n g  e f f e c t  i s  u s u a l l y  coupled with an a n t i ­

inf lammatory and a s l i g h t l y  hyperaemic e f f e c t .  I t  i s ,  however, r e s t r i c t e d  

to a few e s s e n t i a l  o i l s ,  such as chamomile o i l  and p rep a ra t ion s  c o n t a in in g  

t h i s  o i l .  The p rep a ra t ion s  are app l ied  as baths as well  as a l c o h o l i c  cha­

momile e x t r a c t s  which are app l ied  e i t h e r  d i r e c t l y  ( in  d i l u t e d  form) or in 

o intments or  g e l s .
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Tests  with  Japanese r e c t i f i e d  peppermint o i l  on animals  with  a r t e f i c i a l  

ab ra s ion s  or  s c a ld s  showed a favourab le  ep ithe l  a c t i v a t i n g  a c t i v i t y  on 

a b ra s io n s ,  whereas on sca ld s  no cu r ing  e f f e c t  could be observed (23).

In popular  medicine St .  J o h n ' s  wort o i l  (Oleum H ype r ic i )  i s  app l ied  to 

heal wounds (24).  Oleum Hyperic i  i s  an e x t rac t  prepared by means o f  o l i v e  

o i l  from f lowers  o f  H ypericu m  p e r f o r a tu m .  Th i s  s o - c a l le d  'Red O i l '  conta ins  

bes ides  the e s se n t ia l  o i l  a l s o  h ype r ic in  and pseudohyperic in  ( d ia n th ro n e s ) 

as a c t ive  components (25).

Experiments c a r r ied  out by us with  a l c o h o l i c  e x t rac t s  and ointment con­

t a in in g  such e x t ra c t s  o f  p r o p o l i s ,  the ' l u t e  r e s i n 1 o f  bees, showed an 

a n t i s e p t i c  and a g ranu la t ion  s t im u la t in g  e f fe c t .  A l c o h o l i c  p r o p o l i s  ex ­

t r a c t s  conta in  a l so  e s s e n t ia l  o i l s .

Deodor iz ing  e f fe c t

Best known i s  the deodo r iz in g  e f fe c t  of chamomile p r e p a r a t i o n s . In 

su rge ry  a f t e r  an acc ident  chamomile e x t ra c t s  are used in a bath in order 

to clean la rge  wounds (26).  A l so  f o r  'open l e g s '  baths con ta in ing  chamo­

mile i n f u s i o n s  or a l c o h o l i c  e x t ra c t s  seem to be u se fu l .  Deodoration of  

malodorous wounds are ca r r ie d  out with r e c t i f i e d  c i t r u s  o i l s  ( ' t e rpene  

f r e e ' ) ,  r e c t i f i e d  tu rpent ine  o i l ,  thyme o i l  and St.  J o h n ' s  wort w o i l .

I n s e c t i c i d e  and in se c t  repe l len t  e f fe c t

E s se n t ia l  o i l s  have accord ing  to l i t e r a t u r e  u s u a l l y  on ly  weak i n s e c t i ­

c ide  a c t i v i t y .  In 1984 a number of  e s se n t i a l  o i l s  as well as components 

from such o i l s  were examined fo r  t h e i r  i n s e c t i c i d e  a c t i v i t y  (27).  Only 

camphor, c i t r o n e l l a  o i l ,  euca lyptus  o i l ,  c love  o i l  and cinnamom o i l  as 

well as c i t r a l , carvone and cinnamaldehyde showed such a c t i v i t i e s .  The 

l a t t e r  three compounds showed in  a 5% concentrat ion  a death rate of  more 

than 25%. The e s se n t ia l  o i l  o f  t e t ra p lo id e  ca im us  s p e c ie s ,  the s o - c a l l e d  

Ind ian  Jammu o i l ,  c on ta in ing  up to 90% o f  3 -a sarone  has an e f f e c t  on 

i n se c t s  as a chemical s t e r i l i z e r .  Experiments on pupas and adu lt  forms of  

D ysd ercu s  k o e n i g i i  r e su l ted  in  an i r r e v e r s i b l e  damage o f  the o va r ie s .  The 

e f f e c t i v e  concentra t ions  were 10-30 yl per 1.5 1 o f  a i r .  The e f f e c t  of  

3 -asarone i s  h i g h l y  s p e c i f i c  and a new type o f  ant igonada le  agent without 

s i d e - e f f e c t s  seems to have been found fo r  i n s e c t  c on t ro l .
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INTERNAL APPLICATION

By i n h a l a t i o n  e s s e n t i a l  o i l s  are u s u a l l y  g e t t i n g  q u ic ke r  in to  the b lood-  

c i r c u l a t i o n  than by ora l  a p p l i c a t i o n .  On r e s o rp t i o n  from the stomach and 

i n t e s t i n e s  the r e s o rp t io n  w i l l  be in f luenced  by the food p resent .  Thus, 

f a t  c o n t a in in g  food w i l l ,  because o f  the l i p o i d  s o l u b i l i t y  o f  e s s e n t i a l  

o i l s ,  have in f lu e n c e  on the r e s o rp t io n .  In  no way the r e s o rp t i o n  found on 

o ra l  a p p l i c a t i o n  can be regarded as a p roo f  f o r  a the rapeu t ic  e f f e c t ,  s in ce  

the e l im in a t i o n  speed o ften  i s  so h igh  tha t  an e f f e c t i v e  concen t ra t ion  of  

the e s s e n t i a l  o i l s  can not be e s t a b l i s h e d  in  the blood or t i s s u e  (27).  Some 

compounds o f  the o i l s  may a l s o  undergo chemical changes in the stomach and 

i n t e s t i n e s ;  so c i t r o n e l l a l  can be transformed in to  a c y c l i c  compound. Most 

o f  the e s s e n t i a l  o i l s  resorbed are excreted v i a  the lu n g s ,  o n ly  a small 

par t  v ia  the u r in e .  D i f f e re n c e s  are,  however, known. Borneo! i s  in  persons  

w ith  a hea l thy  l i v e r  c o up le d 'w i th  g l u c u ro n ic  ac id  to a degree o f  60-100% 

w i th in  24 h and excreted v i a  the u r ine .  When the e xc re t ion  takes  p lace  v ia  

the k idney s ,  the d i f f e r e n t  compounds o f  e s s e n t i a l  o i l s  are u s u a l l y  coupled 

with g l u c u ro n ic  or  s u l p h u r i c  ac id .

Expec to ra t in g  e f f e c t

The exp ec to ra t in g  e f f e c t  i s  ma in ly  caused by s e c r e t o l y t i c  and s e c re to -  

momotoric e f f e c t s  and l e s s  by a p a r t i a l  b ronchospasm o ly t ic  e f f e c t .  Schafe r  

and Scha fe r  (28)  showed tha t  on in t r a t r a c h e a l  a p p l i c a t i o n  in  an imals  o f  a 

mixture  o f  euca lyp tu s  and c o n i f e r  o i l ,  menthol and camphor a c i r c a  50% 

reduct ion  o f  a c e t y l c h o l i n e  induced bronchospasms was obta ined.  In c l i n i c a l  

s t u d i e s ,  however, an o b s t r u c t i v e  d e t e r i o r a t i o n  was observed (29).  In t e s t s  

w ith  an imals  as well  as in  c l i n i c a l  t e s t s ,  the s e c r e t o l y t i c  and secretomo- 

t o r i c  e f f e c t s  o f  se ve ra l  e s s e n t i a l  o i l s  were c l e a r l y  demonstrated. A pha r ­

macolog ica l  t e s t  here i s  the study  o f  the m u c o c i l i a r i c  a c t i v i t y  on c i l i u m  

ep ithe l  p rep a ra t ion s  o f  f r o g s .  A l re ady  50 yea r s  ago the e xpec to ra t in g  

e f f e c t  o f  v a r io u s  e s s e n t i a l  o i l s  was s t u d ie d ,  u s in g  c i l i u m  ep ithe l  o f  the 

mucous membrane o f  the th rou t  and o f  the oesophagus o f  f r o g s  (30 ).  In  1980 

Mu 11er-L immroth and F r o h l i c h  i n v e s t i g a t e d  the in c rea se  as well  as the 

decrease  o f  the m u c o c i l i a r  a c t i v i t y  on c i l i u m  ep ithe l  p repa ra t ion s  of  

f r o g s .  They te sted  muci lage and sa p o n in e -c o n ta in in g  crude drugs  as well  as 

aqueous e x t r a c t s  o f  a n i s e  seed, fennel and thyme (30 ) .  The r e s u l t s  showed 

tha t  an i se  seed and fennel inc reased  the m u c o c i l i a r  a c t i v i t y  (fennel 

s t r o n g e r  than a n i s e  seed ) ,  whereas thyme decreased t h i s  a c t i v i t y  by about
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35%. The o b s t ru c t in g  e f f e c t  o f  thyme and thyme p reparat ions  shou ld ,  how­

ever,  not cause any doubt about the use o f  such p reparat ion s  as e f f e c t i v e  

expectorants,  s ince  the t e s t  method mentioned above on ly  demonstrates a 

p a r t i a l  mechanism o f  the expectora t ing  p roce ss ,  as pointed out by Gordonoff  

(31 ),  and because the t e s t  was performed with  aqueous e x t ra c t s .

A f te r  a systemic re so rp t ion  or  a f t e r  in h a la t i o n  the e s s e n t ia l  o i l s  

a r r i v e  in  the bronchi and the main part  w i l l  be exhaled by the lungs .  In 

both ca se s ,  however, they w i l l  cause an increased sec re t ion  (= a p ro te c t ­

ive reac t ion )  by a d i r e c t  act ion  on the tracheal  and bronch ia l  mucous 

membrane. In the case o f  a systemic r e so rp t io n ,  a secondary react ion  mecha­

nism i s  p o s s ib le ,  i . e .  an i n d i r e c t  r e f l e c t o r i c  d i s l o c a t i o n  o f  an increased 

bronchia l  se c re t ion  (32).  By s t im u la t in g  the s e n s ib le  nerves o f  the mucous 

membrane of  the stomach, an inc rea se  of  the bronch ia l  se c re t ion  r e f l e c t o r i -  

l y  takes place.

The f o l lo w in g  e s se n t ia l  o i l s  and compounds have expectorat ing  a c t i v i t y  

without any doubt: an i se  seed, euca lyp tu s ,  fenne l ,  pine needle, dwarf p ine,  

tu rpen t ine ,  thyme and w i ld  thyme (Thymus s e r p y i iu m ) o i l  as well as camphor 

and menthol.

In expectorants  often a l s o  other  e s se n t ia l  o i l s  are used: chamomile, 

orange f lower,  orange peel, peppermint, sage and cinnamom o i l .

The o i l s  and i s o la te d  compounds of  them are app l ied  by i n h a la t i o n  or by 

aeroso l  therapy (33) f o r  unspec i f ied  a f f e c t i o n s  o f  the r e s p i r a t i o n  t r a c t  

and lungs.  A l so  a l c o h o l i c  s o l u t i o n s ,  e x t rac t s  and d i s t i l l a t e s  in s y rup s ,  

as bath a d d i t i v e s ,  suck lozenges and i n f u s i o n s  are used.

A real  a n t i t u s s i v e  a c t i v i t y ,  as known for  c o d e i n e , i s  not known fo r  

e s se n t i a l  o i l s .  The a n t i t u s s i v e  e f fe c t  claimed f o r  some e s se n t ia l  o i l s  i s  

probably  on ly  a ' p o s i t i v e  s i d e - e f f e c t ' .

S t im u la t ion  o f  the se c re t ion  o f  d i g e s t i v e  g lands

A number o f  e s se n t i a l  o i l s  are used because o f  t h e i r  appet i te  s t imu­

l a t i n g ,  c h o le re t i c ,  c h o le k in e t i c  and carm inat ive  e f fe c t s  - a l s o  as sp ice s  

in food. Some e s se n t ia l  o i l s  increase  the se c re t ion  in  the stomach and 

i n t e s t i n e s ,  other  s t im u la te  the l i v e r  or  g a l l  bladder (32).

E s se n t ia l  o i l s  app l ied  f o r  t h e i r  e f f e c t  on the stomach are an i se  seed, 

calmus (except the t e t r a p l o i d e ) , an ge l i c a ,  fenne l ,  orange peel,  peppermint 

and cinnamom o i l .  Often a l c o h o l i c  or v inous  e x t ra c t s  o f  the crude drugs 

are used.
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Crude drugs  and e s s e n t i a l  o i l s  w ith  an i n f lu en ce  on the g a l l  b ladder  

( c h o le k i n e t i c  e f f e c t )  are curcuma root  o i l  c o n t a in in g  the se squ i te rpene  

phenol x a n t h o r r h i z o l , and p - t o l y lm e t h y l c a r b in o l  (an a r t e f a c t  with cho la -  

gog ic  a c t i v i t y ,  formed d u r in g  the p repa ra t ion  o f  the crude d ru g ) ,  calmus, 

caraway seed, lavender  and peppermint o i l .

The c h o l e r e t i c  e f f e c t  ( in c re a se  of  the b i l e  s e c re t i o n )  i s  not so 

d i s t i n c t  as the c h o l e k i n e t i c  e f f e c t ,  but i t  i s  m ost ly  coupled w ith  i t .  

Spec ia l  c h o l e r e t i c  e f f e c t s  have been demonstrated f o r  peppermint o i l  and 

menthol as well  as f o r  curcumin from cu rcum a  x a n t h o r r h i z a  (32 ).  Cholagogs 

commonly used conta in  o ften  borneol , camphor, 1 . 8 - c i n e o le ,  a -  and 3 -p inene ,  

menthol and menthone.

The ca rm inat ive  e f f e c t  (on stomach, i n t e s t i n e s  and g a l l  b ladder)  o f  

e s s e n t i a l  o i l s  i s  ma in ly  due to:

- a lo ca l  i r r i t a t i n g  e f f e c t  o f  the l i n i n g  of the stomach, the g a s t r i c  

mucose;

- a r e f l e c t o r i c  s t im u la t i o n  o f  the s e c re t io n  by the g a s t r i c  c e l l s  and 

thus improvement o f  the d i g e s t i o n ;

- a spa sm o ly t i c  e f f e c t  and r e l i e f  o f  f l a t u l e n c e ;

- an a n t i s e p t i c  e f f e c t  (on m ic ro - o r g a n i sm s )

- a cho la gog ic  e f f e c t .

E s s e n t i a l  o i l s  w ith  ca rm ina t ive  e f f e c t  are an i se  seed, b a s i l ,  fenne l ,  

chamomile, c o r i a n d e r ,  caraway seed and peppermint o i l ;  pharmaceutical  

p rep a ra t ion s  are a l c o h o l i c  e x t r a c t s  with or  w ithout  a d d i t i o n  o f  e s s e n t i a l  

o i l s ,  a l c o h o l i c  d i s t i l l a t e s  and i n f u s i o n s .

Spasm o ly t ic  e f f e c t

The spa sm o ly t ic  e f f e c t  i s  observed as r e l i e f  of  spasms o f  smooth muscles 

e .g.  o f  i n t e s t i n e s  and g a l l  b ladder  as well  as o f  the b ronch i.  Spasm oly t ic  

a c t i v i t y  has been found and p h a rm a co lo g ic a l l y  proved f o r  a number o f  e s sen ­

t i a l  o i l s ,  such as chamomile [ a l s o  ( - ) - a - b i s a b o l o l  ( 3 4 ) ] ,  caraway seed, 

f enne l ,  orange and peppermint o i l  ( 3 2 ,3 5 ) ,  as well  as balm and cinnamom o i l

An t i in f lam m ato ry  and a n t i s e p t i c  e f f e c t s

M a t r i c i n e  in chamomile o i l  has a s t r o n g  an t i in f lam m ato ry  a c t i v i t y ,  as 

demonstrated in  pharmaco log ica l  t e s t s  (9 ) .  P repa ra t ion s  c o n t a in in g  m a t r i -  

c ine  are used i n t e r n a l l y  f o r  the treatment o f  g a s t r i t i s , s t o m a t i t i s  s implex 

and even s t o m a t i t i s  u lce ro sa .
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The a n t i s e p t i c  e f f e c t  i s  e s p e c i a l l y  important in  the treatment of  co lds.  

I n h a la t ion  and g a r g l i n g  with s o l u t i o n s  o f  sage, euca lyp tu s ,  thyme and cinna- 

mom o i l ,  as well as thymol are most ly  used. A l so  f o r  the treatment o f  i n ­

flammations in the ora l  c a v i t y  such o i l s  have s u c c e s s f u l l y  been used (36).

D iu r e t i c  e f fe c t

E s se n t ia l  o i l s  have no real  d i u r e t i c  a c t i v i t y  and they are on ly  p a r t l y  

excreted by the k idneys.  Freund (37) found that  ju n ip e r  berry  e x t rac t s  had 

no d i u r e t i c  a c t i v i t y  when the e s se n t ia l  o i l  or the terpene hydrocarbons 

were removed, whereas Schneider  (38) claimed that  the ' terpene f r e e 1 o i l  

c on ta in ing  mainly  t e r p i nen-4-ol  had a d i s t i n c t  d i u r e t i c  a c t i v i t y .

The f o l lo w in g  e s se n t ia l  o i l s  are,  however, not s u i t a b le  f o r  treatment 

o f  oedema or  hyperton ia:  ono s i s  roo t ,  lovage root ,  o rthos iphon  le a f ,  

p a r s le y  f r u i t  and roo t ,  and jun ipe r  berry  o i l .

Sedat ive  e f fe c t

As to the claimed sedat ive  e f f e c t  of  many e s se n t ia l  o i l s ,  l i t t l e  has 

been proved exper imenta l ly  except f o r  v a le r ian  (39,40).  The v a le p o t r ia t e s  

have been shown to be a c t ive  t r a n q u i1 i z i n g  compounds (41).  Whereas V a le r ia n a  

o f f i c i n a l i s  conta ins  on ly  small amounts o f  v a le p o t r i a t e s  ( 0 .8 -1 .7% )  other 

V a le r ia n a  spec ie s  (y. w a i i i c h i i  and v .  e d u l i s ) conta in  2 .8 -3 .5%  and 8-12% 

r e sp e c t i v e l y .  However, i t  seems that  a l so  the e s sen t ia l  o i l  o f  v a le r ia n  

p lays  a ro le  fo r  the sedat ive  e f f e c t ,  as a l ready  stated  by Schmiedeberg

(42) and confirmed by Ammon (personal  communication).

For balm, hop and St. J o h n ' s  wort o i l ,  a l l  o f  which are claimed to 

have some sedat ive  a c t i v i t y ,  no proofs  are a v a i l a b le .  In animal t e s t s  with 

balm o i l  a ce r ta in  suppre ss ion  o f  the spontaneous m o b i l i t y  was observed; i t  

held a l s o  true f o r  c i t r o n e l l a l  and c i t r a l ,  the main components of the o i l

( 4 3 )  . For hop a seda t ive -hypnot ic  e f f e c t  was observed in  animal t e s t s  (44, 

45) and fo r  St.  J o h n ' s  wort o i l  a s l i g h t  a n t id e p re s s i v e  e f f e c t  (46).

C i r c u l a t i o n  s t im u la t in g  e f fe c t

Some e s se n t ia l  o i l s  and compounds o ccu r r in g  in them seem to have a c i r ­

cu la t ion  s t im u la t in g  a c t i v i t y .  However, the e f f e c t  i s  u s u a l l y  on ly  observed 

with high doses. A s t im u lu s  o f  the medul lary  centres  and the r e s p i r a t i o n ,  

heart  and c i r c u l a t i o n  can a l so  occur r e f 1e c t o r i l y . In former times t h i s  

e f f e c t  was often used in form of  ‘ sm e l l ing  s a l t s ' .
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The va lue  o f  camphor as a cent ra l  an a le p t ic  i s  not judged unanimously. 

Camphor i s  l i t t l e  used i n t e r n a l l y  because o f  i t s  many s i d e - e f f e c t s .  How­

ever,  s t i l l  some ca rd ia c s  conta in  camphor. They are used fo r  a symptomatic 

treatment o f  fun c t ion a l  heart  t roub le  in the form o f  camphor-conta in ing 

1 heart  o intments  1.

Camphor has a s t im u la t i n g  e f f e c t  on the r e s p i r a t i o n  and c i r c u l a t i o n  

ce n t re s ,  e .g .  by i n f l u e n c i n g  the a c t i v i t y  of  the vege ta t ive  cen t re s ,  i t  

has i n d i r e c t l y  a l s o  p e r ip h e r i c  e f f e c t s  on heart  and blood v e s s e l s  (47).

Oleum camphoratum f o r  i n j e c t i o n  i s  s t i l l  app l ied  by c i r c u l a t o r y  c o l l a p se s  

(Schimmel, personal  communication).

Rosemary o i l  i s ,  because o f  i t s  content o f  b o r n e o l , bornyl ace tate ,  1 .8-  

c ineo le  and camphor a l s o  used f o r  c i r c u l a t i o n  s t im u la t io n .  Such an a c t i v i t y  

i s  a l s o  claimed f o r  lavender  and peppermint o i l ,  e s p e c i a l l y  on i n h a la t i o n .

UNDESIRED SIDE-EFFECTS

Undesired s i d e - e f f e c t s  o f  e s s e n t i a l  o i l s  have been observed on misuse 

o f  such o i l s  f o r  abort ion  or  on a p p l i c a t i o n  o f  such o i l s  in  e xce s s ive  doses.  

E s s e n t i a l  o i l s  w ith  a high percentage o f  unsaturated  compounds are ge n e ra l l y  

more to x ic  (48 ,49).

A l l e r g i c  e f f e c t

Contact induced e f f e c t  i s  o ften  found f o r  e s s e n t i a l  o i l s  r i c h  in  terpene 

hydrocarbons (50,51)  ( n o n - r e c t i f i e d  tu rpent ine  o i l ) .  However, accord ing  to 

Hausen (52) are not the terpene hydrocarbons cau s in g  the a l l e r g y ,  but the 

h yd ro p e rox id e s , which are formed on p ro ce s s in g  and s to rage .

In most cases  the a l le rgen e  i s  not known; an except ion i s ,  however, 

cinnamaldehyde in  cinnamom o i l .  Turpent ine  o i l  can cause p ro fe s s i o n a l  derma­

t i t i s  f o r  p a in t e r s ,  but a l s o  c i t r u s  o i l  i s  s a id  to be a c t i v e .  Some c i t r u s  

o i l s  show a l s o  photo tox ic  and p h o t o s e n s i t i z i n g  a c t i v i t y  because o f  the 

furanocoumarins in  these o i l s .  The e s s e n t i a l  o i l  o f  A r n i c a  montana  has in 

c o n t ra s t  to a rn ica  t i n c t u r e  on ly  l i t t l e  a l l e r g e n i c  a c t i v i t y .  The r i s k  of 

a l l e r g y  when u s in g  chamomile p repa ra t ion s  can be neg lected.

Accord ing  to Hausen (persona l  communication) the f o l l o w in g  e s s e n t i a l  

o i l - b e a r i n g  p lan t s  may show some c o n t a c t - a l l e r g i c  a c t i v i t y :  chamomile, 

lavender ,  balm, p a r s l e y ,  peppermint and sage.
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Phototox ic  and p h o t o se n s i t i z i n g  e f fe c t

Some e s sen t ia l  o i l s  c on ta in ing  furanocoumarins can a f t e r  an i n i t i a l  

p h o t o se n s i t i z i n g  e f fe c t  g ive  phototox ic  r e a c t io n s ,  which can be observed 

as erythem and formation o f  b l i s t e r s .  In the rapeut ic  doses and l im i ted  

a p p l i c a t io n ,  the furanocoumarins are used in  the treatment o f  v i t i l i g o .  

A f t e r  an i n i t i a l  formation of erythem, a d i s t i n c t  pigmentation takes place. 

Other, simple coumarin d e r i v a t i v e s ,  such as umbel 1 i f e r o n , h e r n i a r i n  and 

a e scu le t in  have a s u n l i g h t  f i l t e r  e f f e c t  because they absorb U V - l i g h t  of 

280-315 nm.

Phototox ic  and/or p h o t o s e n s i t i z i n g  a c t i v i t y  have been found f o r  the 

fo l l o w in g  e s se n t ia l  o i l s :  c i t r u s  o i l s ,  e s p e c i a l l y  those produced by 

e x t ra c t io n ,  and bergamot o i l .  These o i l s  are re spon s ib le  fo r  the redness 

o f  the sk in  which can be observed on a p p l i c a t io n  o f  Eau de Cologne and 

exposure to sun (Ber loque d e rm a t i t i s ,  photodermat it is  p i gm e n ta r i a ) . Some 

Apiaceae o i l s  (ange l ica  , parsley f r u i t  and roo t )  and p a r t i c u l a r l y  that of  

H era c leu m  m antegazz ianum  (53) can cause phototox ic  reac t ion s .

Necro t ic  e f fe c t

Long term a p p l i c a t ion  and/or high doses o f  the e s se n t ia l  o i l  o f  J u n ip e -  

ru s  sa b in a  can cause n e c ro s i s .  Even an external ap p l i c a t io n  o f  the o i l  can 

lead to i n t o x i c a t i o n s  with  s in ce re  damage to the kidneys.

N a rco t i z in g  e f fe c t

N a r c o t i z i n g - p a r a l y s i s  has been found on ly  fo r  a few e s s e n t ia l  o i l s  and 

in  h igh ,  to x ic  doses (54).  The reac t ion s  are i r r e v e r s i b l e  and seem to be 

caused by a n o n - sp e c i f i c  damage o f  the t i s s u e .

The fo l low in g  e s s e n t ia l  o i l s  and o i l  components can lead to p a r a l y s i s  

on ap p l i c a t io n  o f  high doses: e s se n t i a l  o i l s  from Th u ja  spec ie s  as well as 

a -  and 3-thujone (55).  N o n - re c t i f ie d  tu rpent ine  o i l  and ap io le .  Vermouth 

o i l  leads to p sych ic  and motoric d i s tu rbances  by damage o f  the centra l  

nervous system, because o f  i t s  thujone content.

Abort ion  provok ing e f fe c t

The uterus s t im u la t in g  e f fe c t  o f  some e s se n t ia l  o i l s  has been and i s  

s t i l l  misused f o r  abort ion .  E s se n t ia l  o i l s  do not on ly  cause a d i s t i n c t  

f i l l i n g  o f  the blood v e s s e l s  of  the p e l v i s  and a s t rong  con t ra c t ion  o f  the 

u terus ,  but a l so  a degenerat ive  t ransformat ion  of  parenchymatic organs
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( e s p e c i a l l y  o f  the l i v e r ) .  M isu se  o f  e s s e n t i a l  o i l s  may the re fo re  be f a t a l .

For the f o l l o w in g  e s s e n t i a l  o i l s  and components abo r t ion  p rovok ing  a c t i ­

v i t y  has been observed in h igh  doses :  t h u jon e -con ta in in g  e s s e n t i a l  o i l s  

such as J u n ip e r u s  s a b in a  and T h u ja  o c c i d e n t a i i s  o i l ,  as well  as chenopodium 

o i l  (ch en op od iu m  a m b r o s i o i d e s ) , ap io le  and p a r s l e y  f r u i t  o i l  from the apiole 

v a r i e t y ,  c o n t a in in g  60-80% a p io le .  The e s s e n t i a l  o i l s  and compounds 

mentioned are a c t i v e  on ly  in h igh  doses.

Nephrotox ic  e f f e c t

Jun ipe rus  be rry  o i l  has a d i s t i n c t  k idney i r r i t a t i n g / k i d n e y  i n j u r i n g  

e f f e c t  because o f  a h igh  percentage o f  monoterpene h yd roca rbon s . The t e r -  

pene a lcoho l  t e r p i nen -4 -o l  seems not to have any i r r i t a t i n g  e f f e c t  (56).  

Severe damages o f  the k idneys  could  be observed on o ra l  a p p l i c a t i o n  of 

tu rpen t ine  and sandelwood o i l .  Tukioka (57) de sc r ibed  h i s t o l o g i c a l l y  proved 

damage o f  the k idney  ep i the l  on a p p l i c a t i o n  o f  these o i l s .

Hepatotox ic  e f f e c t

In add i t io n  to thujone a l s o  thymol (used as a c h o l e r e t i c )  and tu rpent ine  

o i l  (used as a d i u r e t i c )  on ora l  a p p l i c a t i o n  in  h igh  doses may damage the 

l i v e r .  In animal t e s t s  a l s o  s a f r o l e  caused such damage (58).

Cancerogenic  e f f e c t

T ay lo r  et a l . (59)  found tha t  calmus o i l  from the t e t r a p lo id e  Ind ian  

Jammu-var iety  caused tumours in  the duodenal u l c e r  area in  r a t s  a f t e r  about 

60 weeks. The food conta ined 500, 1000, 2500 and 5000 ppm o f  calmus o i l .

The Ind ian  calmus o i l  c o n ta in s  about 80% o f  3 -a sa rone ,  the crude drug about 

5.5%. The d i p l o id e  A c o ru s  ca lam us  o r i g i n a t i n g  from North America con ta in s  

no 3 -a sa rone ,  the Ea st  European calmus ( t r i p l o i d e ) ,  which i s  c u l t i v a t e d  in 

Europe, con ta in s  l e s s  than 10% 3 -asa rone  in the o i l  and maximum 0.3% 3 - 

asarone in  d r ied  p lan t  mater ia l  (60).

Ca rc inogen ic  a c t i v i t y  ( l i v e r  carcinome) may a l s o  be caused by s a f r o l e  

and d ih y d r o s a f r o le  (61 ).  S a f r o l e  i s  the main component o f  s a s s a f r a s  o i l  

(75-90%) from the roo t  wood Of S a s s a f r a s  a lb id u m  (= S . o f f i c i n a l e ). In 

some c o u n t r ie s  sa f ro le  i s , t h e r e f o r e , not permitted in  food (62).
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ARZNEIPFLANZEN IM SPIEGEL NIEDERLÄNDISCHER MALEREI*

F.-C.  CZYGAN

ABSTRACT

Medic ina l  p lan t s  and t h e i r  compounds (such as e s s e n t i a l  o i l s )  have been 
presented in  the f i n e  a r t s  o f  many pe r iod s  o f  c i v i l i z a t i o n .  They have been 
from former times up to now not on ly  sub jec t s  o f  l y r i c  poetry  and prose,  
but a l s o  o f  p i c t o r i a l  a r t .  In p a in t i n g s  medic ina l  p lan t s  — j u s t  as many 
o ther  p la n t s  — were not used on ly  because o f  t h e i r  decora t ive  ch a rac te r s ,  
but a l s o  f o r  t h e i r  symbo l ica l  s i g n i f i c a n c e .  Th is  symbolism can be demon­
s t r a te d  by many examples. I t  i s  e s p e c i a l l y  t rue  as f a r  as the symbol ica l  
cha rac te r  o f  c e r t a in  medic ina l  p la n t s  w i th in  Dutch p a in t i n g  i s  concerned.

May I ,  as an amateur in  the h i s t o r y  o f  a r t ,  be al lowed to extend the 
concept ion o f  Dutch p a in t in g  in  a c e r t a in  European sense,  f o r  i t  was the 
Dutch p a in te r s  who — in  s p i t e  o f  t y p i c a l  Dutch sub ject  and d e t a i l s  in  t h e i r  
p a in t i n g s  — have never been r e s t r i c t e d  to the reg ion  o f  the h i s t o r i c a l  
N e th e r lan d s .

The red thread o f  t h i s  le c tu re  w i l l  be s i m i l a r  to a meander. I w i l l  take 
your  ears  and eyes and lead you through my a r t i f i c i a l  garden with blooming 
p lan t s  and r ipe  f r u i t s .  During t h i s  walk you w i l l  meet f o r  example Jan 
B r e u g h e l 's  famous p i c tu re  'F lo w e r  bunch  I n  a wooden p o t 1 , to -day  in  the 
A l te  Pinakothek o f  Munich. There i s  F r i t t i i a r i a  i m p e r i a i i s  in  the center  of 
the bouquet, surrounded by L i l i u m  c a n d id u m , L i l i u m  m a r ta g o n , I r i s  s p e c i e s , 
and L i l i u m  b u ib i f e r u m  and r o s e s , a l l  o ld  symbols,  a l ready  mentioned in  the 
midd le-ages  and r e f e r r i n g  to the v i r g i n i t y  and innocence o f  S t .  Mary. I w i l l  
take you to the P o r t i n a r i  a l t a r - p i e c e ,  pa inted by Hugo van d e r  Goes in 
F lo rence,  with I r i s ,  D ia n th u s  , A g u i l e g i a  and L i l i u m  b u ib i f e r u m  in  f r o n t  of  
the c r i b .  I w i l l  t r y  to  e xp la in  the symbolism o f  the pomegranate used a l ready  
in a r t  by Old E g yp t ian s ,  but a l s o  by Abraham B re u g h e l  in  1669 or by the 
modern a r t i s t  e . s c h i o t t e r  in  h i s  p i c tu re  'N o c t u r n o ' , which dates from 1977. 
Th is  f r u i t  f u l l  o f  seeds,  with i t s  sweet and sour  ta s te  symbol izes  not on ly  
l i f e ,  f e r t i l i t y  and p r o d u c t i v i t y , e ros  and vo lup tuou sne s s ,  but a l s o  c h a r i t y  
and the wisdom of  o ld  age. With these and other  examples I w i 11 demonstrate 
to you both the beauty o f  Dutch p a in t i n g  and the p lan t  symbolism im p l ied ,  
which had such a long h i s t o r y  from anc ien t  pe r iod s  u n t i l  to-day.

A rzne ip f lanzen  und ih re  I n h a l t s s t o f f e ,  z .B .  ä the r i s c h e  Ö le,  c h a r a k t e r i ­

s i e r t  durch den Geruch oder Duft ,  s ind  in  v ie le n  Kulturen in k ü n s t l e r i s c h e r  

Weise d a r g e s t e l l t  worden ( 1 ,2 ) .  B i s  weit  in  d ie  Z e i t  der ägypt ischen  Hochkul­

turen la s sen  s i c h  B e i s p i e l e  z u r ü c k v e r f o l g e n . M ed iz in a lp f lan zen  waren und s ind

^Meiner  Mutter  in  Dankbarkeitgewidmet

A. Baerheim Svendsen and J.J.C. Scheffer (eds), Essential oils and aromatic plants, ISBN -13 : 978-94-009-5 137-2 
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n ich t  nur Objekte der Malere i  und P l a s t i k  — e r in n e r t  sei  an d ie  B lattmot ive  

der K a p i t e l l e  romanischer und g o t i s c h e r  Kirchen des M i t t e l a l t e r s  (3) — , 

sondern auch der Poesie und Prosa (4). Eine w ich t ige  Ro l le  sp ie le n  l e i c h t  

f l ü c h t i g e  N atu r s to f fe  in  der L i t e r a tu r .  Marcel P rousts  's u ch e  nach  d e r  v e r ­

l o r e n e n  z e i t '  wäre ohne den Duft,  der ihm lä n g s t  vergangene Tage in die E r ­

innerung z u r ü c k r ie f ,  n i ch t  denkbar (4).

In der Malere i  der Alten wurden Pf lanzen,  vor al lem so lche ,  mit denen der 

Mensch t ä g l i c h  in  Berührung kam, se ien  es Nahrungs- oder H e i lp f la nzen ,  aber 

auch r i t u e l l e  Zauberpflanzen, n ich t  nur ih re s  dekorat iven  Charakters  wegen, 

sondern auch ih re s  Symbolwertes wegen d a r g e s t e l l t .  Diese T yp i s ie rung  von 

Pf lanzen und ih re  Zuordnung zu bestimmten legendären Personen oder zur  ge­

s c h i c h t l i c h e n  und r e l i g i ö s e n  Gesta lten und E r e i g n i s s e n ,  ih re  Einordnung in 

besondere Cha rak te rbe re iche , muss n a tü r l i c h  verstanden werden aus der Menta­

l i t ä t  der Bet rachter ,  f ü r  die s i e  geschaffen wurden. N icht  a r t  p o u r  a r t  stand 

h i e r  im Vordergrund des Schaf fen s ,  d ie  Information der des Schre ibens und 

Lesens n ich t  Kundigen war d ie  Aufgabe der Symbole. M it  d ie s e r  Aufgabe stimmt 

überein,  dass von der ägypt ischen Ze i t  über die Ant ike  b i s  zum M i t t e l a l t e r  

in  v ie len  Fä l len  der Küns t le r  h in t e r  se in  Werk zu rück t ra t  und unbekannt 

b l ieb .  E r s t  in  der Renaissance, die das Indiv iduum in den M i t te lpunk t  rückte,  

t r a t  der 'P roduzent '  g le i c h w e r t i g  neben se in  Oeuvre.

Diese Cha ra k te r i s ie rung  von Pf lanzen und i h r e r  Symbolkraft  (5 -7 )  f in d e t  

auch in der n ieder länd ischen  Malere i  ih ren  N iedersch lag.  Es se i  m i r — a l s  

kun s th i s to r i s chem  Laien — e r laub t ,  den B e g r i f f  der n iede r länd ischen  Malere i  

weit  zu fassen  und n ich t  geographisch  s ta rk  einzuengen. Gerade die n ied e r ­

länd ische  Kunst i s t  t r o t z  v i e l s e i t i g  genutzter  hol 1änd ischer  Su jet s  und De­

t a i l s  immer europä isch  gewesen. Mein k u n s t h i s t o r i s c h e r  Spaz iergang durch die 

Welt der ho l länd ischen  Gemälde, die A rzne ip f lanzen  entha lten ,  wird das ze igen. 

Diese Exkurs ion  i s t  geprägt von pe rsön l ichen  Vor l ieben  und s i c h e r l i c h  auch 

von V o ru r te i len .  S ie  i s t  n i ch t  ausgewogen und e in  Au s f lu g  su i  gene r i s .  Einem 

Mäander g l e i c h  s o l l  der Rote Faden se in ,  der uns füh r t .  Es s o l l  versucht  

werden, d ie  Schönheit  der B i l d e r  nahe zu b r ingen ,  d ie  Symbole von obsoleten 

oder heute noch ak tue l len  A r z n e ip f 1anzen und ih re  Bedeutung anhand von Ge­

mälden des 15. Jahrhunderts  b i s  in  unsere Z e i t  zu e rk lä ren.

M ir  i s t  k l a r ,  dass  — d e f i n i e r t  man den B e g r i f f  ' n i e d e r lä n d i s c h e  M a l e r e i '  

im heutigen k u n s t ge sch ich t l i chen  Ve r s tändn is  — damit d ie  Kunst der N ieder­

lande und Be lg ien s  gemeint i s t .  H ie r  lagen die kün s t le r i sehen  B lü teze iten  in 

der Spä tgo t ik  und im Barock. S i c h e r l i c h  gehören d ie  Werke von Hubert (ca.
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1355-1426) und Jan (ca. 1390-1441) van Eyck aus dem n i ede r länd i sch -bu rgun -  

d ischen Umkreis,  z.B.  der ‘ G en t e r  A l t a r '  , zu den M e i s t e r le i s t u n g e n  abend­

lä n d i s c h e r  Kunst und Ku l tu r .  Im g le ichen  Atemzug s ind  aber auch zu nennen 

Rog ie r  van der Weyden (1399/1400-1454) und se in  Lehrer,  der M e i s t e r  von F lé -  

ma l le ,  Hans Memling (1433 -1494),  Hugo van der Goes (1440/45-1482),  D ie r i c  

Bouts (ca. 1415-1475) und spä te r  Hieronymus Bosch (1453-1516) mit se inen be­

rühmten H ö l le n v i s i o n e n .  Die Renaissance im 16. Jahrhundert i s t  f ü r  uns mit 

dem Namen P ie te r  Breughel d.A. (1528/30-1569) verbunden. Male r  wie Barend van 

Or ley  (ca. 1488-1542),  e in e r  der nord ischen  M an ie r i s ten  und Romanisten,

Lucas van Leyden (1489 o. 1494-1533) u.a.m. standen ihm zur S e i t e .  Der Barock 

des 17. Jahrhundert  brachte vor  a l lem im Hochbarock e ine d eu t l i che  Trennung 

in d ie  hö f i s che  Form der sp a n i s c h - k a th o l i s c h e n  süd l ichen  und der mehr bü rge r ­

l i c hen  Form der nö rd l ichen  N ieder lande.  Der f läm ische  Barock (Namen wie Anton 

van Duyck, 1599-1641, Jakob Jordaens,  1593-1678,  Frans S n y d e r s , 1579-1657, 

se ien  genannt) wurde besonders  von Peter Paul Rubens (1577-1640) geprägt.  Der 

p ro te s t a n t i s c h e  Barock war in  se inen  Grundelementen r e a l i s t i s c h e r , was s ich  

d eu t l i ch  in  den aus d i e s e r  Z e i t  bekannten B i ldga t tungen  z e i g t .  Gewisse Spe­

z i a l i s i e r u n g e n  waren zu erkennen: u.a. Gruppenbi lder  von Frans Hals (1581/85- 

1666),  S t i l l e b e n  von Wil lem K a l f  (1619 -1693 ) ,  P ie te r  C laesz  (1597/98-1661),  

Genreb i lde r  von Gérard Terborch (1617 -1681),  Jan Steen ( 1625/ -1679 ) , Jan 

Vermeer (1632 -1675),  L a n d s c h a f t s b i ld e r  von Jan Josephsz.  van Goyen (1596-1656), 

Seestücke von Wil lem van de Velde (1633 -1707),  P o r t r a i t s  u.v.a.m. Über a l l e n  

Typ is ie rungen  d ie s e r  A r t  stand das Werk des Le idener  Mü l le r sohn s  Rembrandt 

Harmenesz. van R i jn  (1606-1669).

Zwei Jahrhunderte sp ä te r ,  im 19. und 20. Jahrhundert  waren es u.a. M a le r ­

namen wie V incent van Gogh (1853 -1890),  Theo van Doesburg (1883 -1931),  P ie t  

Mondriaan (1872 -1944),  Jan S l u i j t e r s  (1881 -1957),  Frans Masereel (1889-1972) 

und René M ag r i t t e  (1 8 9 8 -1 9 6 7 ) ,die der be lg i s chen  und n iede r länd i schen  Malere i  

Weltruhm ve r scha f f ten .

Lassen S ie  mich mit einem n iede rdeut i schen  M e i s t e r s tü c k ,  das im weitesten  

S inne  dem Thema unterzuordnen i s t ,  beginnen, mit einem Werk des 'M e i s t e r s  des  

G ö t t i n g e r  B a r f ü s s e r - A i t a r s ' , das um 1425 entstanden i s t  ( I ) * .  H ie r  haben w i r  

e ine besondere Form von A rzne ip f lan zenga r ten  mit e ine r  V ie l za h l  von H e i l ­

p f lanzen :  den 'Be sch lo s senen  G a r te n ' .  Entsprechend dem Hohelied Salomos

*  Die römischen Zahlen geben d ie  in  der Tota le  und im Deta i l  während 
des Vo r t rag s  au fgeze ig ten  Gemälde an ( s .  S e i t e  246)
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(Hohelied 4,12) i s t  in  der Kunstgesch ichte  d e r  H o r tu s  c o n c iu s u s  e in  von einem 

Flechtzaun oder Mauerwerk umgebener Garten, in  dem meist  Maria a l l e i n e  oder 

mit dem Kinde s i t z t ,  o f t  umgeben von H e i l i gen  und Engeln, immer aber umrahmt 

von e ine r  B lumenfül le.  Der H o r t u s  c o n c iu s u s  s t e l l t  die J u n g f r ä u l i c h k e i t ,  die 

unbefleckte Empfängnis Mariens dar. Dazu passen — neben anderen M a r ie n s in n ­

b i lde rn  der Keuschheit wie dem v e r s ie ge l t en  Brunnen, dem Turm aus E l fenbe in  — 

die v ie len  in  i h r e r  Symbolik  bedeutsamen Mar ien-  und C h r i s t u sp f la n ze n ,  d ie  

in  i h r e r  Fü l le  von L o t t l i s a  Beh l ing  in  dem Buch ‘D ie  p f l a n z e  d e r  m i t t e l a l t e r ­

l i c h e n  T a f e l m a l e r e i '  1967 untersucht wurden. Auf diesem B i l d  i s t  in den H o r tu s  

c o n c iu s u s  e ine 1N o i i - m e - t a n g e r e  1 -Szene h ine inkomponiert.  Maria  Magdalena, 

vermutl ich  a l lgemein das Weibl iche d a r s te l l e n d ,  begegnet dem a l s  Gärtner e r ­

scheinenden C h r i s tu s  nach dessen Auferstehung am Ostermorgen. S ie  w i l l  se ine  

Hände e r fa s sen .  M it  den Worten ' N o i i - m e - t a n g e r e '  we ist  er  s i e  ab (Joh. 20, 

14-18).  H ier  im Gartenmil ieu war dem M e is te r  Gelegenheit  gegeben, im wahrsten 

Sinne des Wortes mit vo l len  Händen Pflanzen in den Garten zu setzen.  N icht  

w i l l k ü r l i c h  haben s i e  ihren P la tz .  Ganz bestimmte Po s i t ionen  s ind  f ü r  s i e  

ausgesucht,  eben um im Sinne m i t t e l a l t e r l i c h e  Symbolik bestimmte Aussagen zu 

machen.

Von der Fü l le  der Pf lanzen,  die d iese Begegnung umrahmen, s teh t  zentra l  

e in  S t rau s s  mit fünf  gelben N a rz i s sen ,  genau zwischen den Händen der s i c h  Be­

gegnenden. Osterg locke  (N a r c is s u s  p s e u o n a r c is s u s )  h e i s s t  d ie se  a l t e  Blume der 

Pass ion  und der Auferstehung. Auf manchem B i l d ,  das das ö s t e r l i c h e  Geschehen 

d a r s t e l l t ,  i s t  s i e  zu f inden.  Me is t  in  der Fün fe rzah l ,  entsprechend den fünf  

Wundmalen C h r i s t i  im Kreuz bedeutet die Osterg locke  den S ieg  über den Tod.

H in te r  der Maria Magdalena f inden w ir  die Madonnen l i l ie  ( L i l i u m  c a n d i d u m ) 

a l s  e in  Symbol der Re inhe i t ,  n ich t  nur der Mutter  Jesu, sondern ganz a l l g e ­

mein der we ib l ichen  Komponente im Hei lsgeschehen.  H ie r  s y m b o l i s i e r t  die u r ­

a l t e  H e i lp f lanze  L i l i e  in besonderer Weise, dass Heil und He i lung n ich t  nur 

etymolog isch,  sondern auch vom eth ischen  Wert her eng zusammengehören oder 

zusammengehören mussten. Es bestand zur  Z e i t  der Li 1 ie n d a r s t e l l u n g e n , o f t  

mehr a l s  in der Gegenwart, das Wissen um den Dual ismus des Menschen. Nur die 

Einbeziehung d ie s e r  Ambivalenz von Psyche und Phys i s  in der Therapie la ssen  

auch heute noch einen Med iz ine r  zum Arzt  werden, der n ich t  die Krankhe it,  

sondern den Kranken h e i l t .  Heil  und He i lung,  d ie se s  Spannungsfe ld,  auf dem 

s ich  na tu rw i s sen sch a f t l i c h e  und g e i s t e sw i s s e n s c h a f t l i c h e  Überlegungen t r e f f e n ,  

i s t  auch in der Symbolik  der übrigen Pf lanzen des ' N o i i - m e - t a n g e r e ' -B i 1 des 

zu f inden. Ganz nahe Jesu wächst die S tockrose  ( A i t h a e a  r o s e a ) . Schon i h r
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Name { ' a i t h e o ' - i c h  h e i l e )  w e i s t  auf  d ie  hohe Verehrung d ie s e r  A rzn e ip f lan ze  

h in ,  die zum einen das Leben s y m b o l i s i e r t ,  zum anderen mit  i h r e r  betonten Pen- 

tamerie der B lütenkrone wohl an die f ün f  St igmata C h r i s t i  am Kreuz e r in n e r t .

Zentra l  h i n t e r  der l i n ke n  S c h u l t e r  C h r i s t i ,  seinem Herzen nahe, hat  der 

M e i s t e r  d ie  Ake le i  (A q u i l e g i a  v u l g a r i s )  hingemalt.  D ies  betont ih re  Bedeutung 

im He i l sgeschehen.  Über Jahrhunderte  hinweg hat d ie  b i z a r r e  B lü te  d i e s e r  

P f lanze  auf fromme oder unfromme M a l e r e i n e  e i g e n a r t i g e  F a s z in a t io n  ausge­

übt. Schon bei den Germanen war d ie  Ake le i  der Göttermutter  F r ig ga  und der 

Freya geweiht. A l s  m ar ian i sches  A t t r i b u t  wurde s i e  auf  d ie  Mutter  C h r i s t i  

übertragen.  Die Akele i  s teh t  aber auch in  der G e s ta l t  der B lü te n h o n ig b lä t te r  

l a n gh a l s i g e n  Tauben ähnelnd (eng l .  c o iu m M n e -F lo w e r ; in  manchen Gegenden 

Deutsch lands ' T ä u b e r i '  genannt) f ü r  das Tiersymbol der Taube, d ie  i h r e r s e i t s  

die Gaben des H e i l i g e n  G e i s t e s  s y m b o l i s i e r t .  Nach R. F r i t z  e n t s p r i c h t  d ie  

Ake le i  f e rn e r  e in e r  auf  Amuletten noch in  der Rembrandt-Zeit  gebräuch l ichen  

Lobpre isung  Gottes,  der Kabbala-Formel ' a g l a '  =  'A th a  G ib b o r  beo ia m  A d on a i  =

Du Held in  Ew igke i t ,  Mein H e r r '  (Psalm 89 ,53 ) ,  d ie  vo lk se tym o log i s ch  mit  dem 

mitte lhochdeutschen  1 a g l a i '  f ü r  Akele i  g l e i c h g e s e t z t  wurde (7a).

Auf v i e l e  Pf lanzen  d ie se s  1N o l i - m e - t a n g e r e - Bi 1 des 1 wäre noch h inzuweisen,  

so auf  d ie  Erdbeeren (F r a g a r ia  v e s c a ) , d ie  o f t  a l s  Spe ise  der Engel gedeutet 

werden. F rüher  in  der Vo lk smediz in  bei Gemütskrankheiten e in g e s e t z t ,  s o l l e n  

s i e  d ie  bedrückten S inne  Jesu g e h e i l t  haben. Demütig beugt s i c h  d ie  Erdbeer­

staude, dem wohlr iechenden Ve i lchen  (V i o l a  o d o r a t a ) g le ichend ,  vo r  C h r i s t u s  

zur  Erde, Besche idenhe it  d a r s t e l l e n d .  Die T r im er ie  des B la t t e s  e r i n n e r t  an 

d ie  D r e i f a l t i g k e i t ,  d ie  b lu t ro ten  Früchte an das B lu t  C h r i s t i ,  d ie  pentameren 

K ronb lä t te r  an d ie  f ün f  Wundmale s e in e r  Pa ss ion .

Und s c h l i e s s l i c h  se i  noch e ine  zur  Z e i t  a l s  Ausgangsmater ia l  f ü r  den w ich ­

t igen  A r z n e i s t o f f  Vincamin genutzte P f lanze  genannt: das Immergrün (v in c a  

m i n o r ) . A l s  S i n n b i l d  der  Treue und B e s t ä n d ig k e i t  war s i e ,  auch S inngrün  ge­

nannt, Jungfrauen geweiht und gerade in  der m i t t e l a l t e r l i c h e n  Tafe lm alere i  

o f t  d a r g e s t e l l t ,  so z.B.  im berühmten ' P a r a d i e s g ä r t i e i n '  von ca. 1440 e ines  

ober rhe in i sehen  M e i s t e r s .  Noch heute f inden  w i r  v in c a  m in o r  in  manchen Gegen­

den a l s  F r i e d h o f sp f l a n z e  auf  Gräbern vornehmlich junger  Menschen. 'M ädchen­

k r a u t ,  M a i d l e i n ,  oder J u n g fe r n p a lm , T o t e n v i o l e '  nennt s i e  der Volksmund. Und 

d ie  auch im Winter grünen Tr iebe  von v in c a  ga l ten  a l s  Zeichen der Unvergang- 

l i c h k e i t  und U n s t e rb l i c h k e i t .  Darüber h inaus  gehört  v in c a  m in o r  zu den apo- 

t r op ä i s ch en ,  d.h. zauberabwehrenden Pf lanzen .  Schon im G a r t  d e r  G e s u n d h e i t  

von 1485 h e i s s t  e s :  'W e lc h e r  d i s s  k r u t  by im e  d r a g e t ,  v b e r  den h a i t  d e r
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t ü f e l  k e in  g e w a l t ' .

Aus dem H o r tu s  c o n c iu s u s  des M i t t e l a l t e r s  i s t  ganz ohne Zweifel der B i l d ­

typus 'M a r ia  im R osen h a g ' hervorgegangen. In v i e l f ä l t i g e r  Weise hat man h ie r  

marian ische B lumens innb i lder  benutzt.  An der Sp i t ze  s teh t  die Rose ( R o s a  

s p e c ie s ) ,  d ie  König in  der Blumen und wohl ä l t e s t e s  S in n b i ld  Mar iens.  S ie  i s t ,  

wie so häu f ig  Blumensymbole,in i h r e r  Bedeutung ambivalent.  So w e is t  die rote 

Rose auf  die Liebe und das Martyrium h in ,  d ie  we isse  Rose auf  d ie  j u ng f rä u ­

l i che  Re inhe it  Mariens:  d i e  zw e ie rh a n d e  v a rb e  h a t ,  r o t  und w iz .  B i den

w izen  i r  r e i n e  magetum, b i  den r o t e n  i r  v o l le n k u m e n e  m i n e ' (8 ). Die Fünfzahl 

mit  der Rose verbunden a l s  f ü n f b l ü t i g e r  Rosenzweig oder a l s  B lü te  mit fün f  

K ro n b lä t t e rn , bedeutet darüber hinaus Verschwiegenheit  ( e r in n e r t  se i  an die 

pentamere Rose im Nimbus über den Be ich tstüh len  der ka tho l i schen  K irche)  und 

g ib t  einen Hinweis auf die fün f  Stigmata C h r i s t i  am Kreuz. Oft werden die 

Rosen s t a c h e l lo s  d a r g e s t e l l t ,  besonders in den Händen von Engeln s ind  s i e  ein 

Signum fü r  das Parad ies.  E r s t  nach dem Sündenfa l l  wuchsen der Legende nach 

den Rosen Stacheln.  V e r sch ieden t l i ch  wird auch Darste l lungen  Mariens die 

dornenlose Rose zugefügt,  um ih re  F r e i h e i t  von der Erbsünde zu Symbol is ie ren  

(so bei der ' s tu p p a c h e r  Madonna' M. Grünewalds). D iese dornenlose  'R o se '  e r ­

s e t z t  o f t  die P f in g s t r o se  oder Paeonie (P a e o n ia  o f f i c i n a i i s ) .  S ie  wird von 

Konrad von Würzburg in seinem M ar ien l ied  a l s  Rose 'an a l l e n  s t i f t '  (ohn 1 

jeden Dorn) besungen (9).

Mart in  Schongauer (1450-1491) hat mit  s e in e r  'M a r ia  im  R osen h a g ' von 1478 

( I I )  in besonderer Weise der Marienverehrung Ausdruck ve r l iehen ,  in se ine r  

Empfindsamkeit wohl nur noch von der f e i e r l i c h e n  I d e a l i t ä t  der Maria  ( I I I )  

Stephan Lochners (1400/15-1451/52) e r r e i c h t .  Schongauers enge Beziehungen, 

die er  in  der Ze i t  s e ine r  Wanderjahre durch Burgund, Spanien und den damaligen 

Niederlanden zu den grossen Holländern D ie r i c  Bouts, Hugo van der Goes und in 

besonderem zu Rog ie r  van der Weyden hatte,  prägten se inen S t i l .  Manches B i ld  

von Schongauer kann dessen längeren Au fen tha lt  in  der Werkstatt  van der 

Weydens n ich t  verleugnen. N iede r länd ische r  R e a l i t ä t s s i n n  und die Eleganz 

Burgunds s ind  bei Schongauer mit s p ä tgo t i s c h e r  T rad i t io n  verknüpft.  Neben 

der Rose und den weiteren Pf lanzen d ie se s  Gartens su i  gene r i s  (z.B.  Erd­

beeren, die Nachtv io le  (H e s p e r is  m a t r o n a l i s )  und eben auch die 1 Stachel 1 ose 1 

P f i n g s t r o s e )  s ind  es die schwebenden Engel,  die h ie r  die Himmelskönigin 

krönen wollen und diesem H o r tu s  c o n c iu s u s  ihren himmlischen Ab sch lu s s  geben. 

Und anders a l s  im Garten des 'M e i s t e r s  des B a r f ü s s e r - A i t a r s  ' wird h ie r  das 

neue V e rhä l tn i s  zur Natur im 15. Jahrhundert deu t l i ch .  Die N a t ü r l i c h k e i t  der
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D a r s t e l l u n g  z e i g t  das Bemühen, e in  A bb i ld  der Natur zu geben. D ie s e r  S c h r i t t ,  

im B i l d  d ie  rea le  Umwelt f e s t z u h a l t e n ,  war s e l b s t v e r s t ä n d l i c h  b e r e i t s  in  

f rüheren  Jahrhunderten  zu erkennen, n i c h t  z u l e t z t  v o r b e re i t e t  und e i n g e l e i t e t  

durch den Real ismus in  der P h i l o s o p h ie  der S c h r i f t e n  der K i r chenvä te r  wie 

Thomas von Aquino und A lb e r tu s  Magnus. S ie  haben 'durch  d ie  Bestimmung der 

Symbolbedeutung von Pf lanzen  deren n a t ü r l i c h e  D a r s t e l l u n g  unverwechse lbar  

nach Gattung, A r t  und Unte rsch ied  e r s t  mögl ich  gemacht und ihnen damit den 

Weg in  d ie  r e a l i s t i s c h e  und s ym b o l f re ie  B i l d d a r s t e l l u n g  geebne t 1 (10).

Der Umbruch vom M i t t e l a l t e r  zu r  Rena is sance  i s t  ebenso im P o r t i n a r i a  A l t a r

( I V )  von Hugo van der Goes (1440/45-1482)  zu erkennen. Eine Epoche l ö s t  die 

andere ab. D ie s e r  Weg in  den Humanismus a l s  Gegenbewegung zur  S c h o l a s t i k  und 

k i r c h l i c h e n  A u t o r i t ä t  bedeutete auch f ü r  d ie  Ma le re i  Betonung der R e a l i t ä t  

und des Ind iv iduum s.  'D ie  Entdeckung d i e s e r  W e lt '  war nach Kaufmann (11)

'e i n e  unermess l iche  Erwe ite rung  menschl ichen Bew us s t se in s ,  Denkens und 

Füh len s ,  d ie  n i c h t  a b s t r a k t e r  und b e zu g s lo s e r  B i l d u n g s i n h a l t  war a l s  den w i r  

s i e  heute zumeist  sehen, sondern etwas mit  G e i s t  und S innen E r l e b t e s 1. Na tü r ­

l i c h  lebte  auch, bewusst oder unbewusst,  der Symbol Charakter  der P f lanzen  

w e i te r .

Die Neigung Hugo van der Goes zum Monumentalen, s e in  S inn  f ü r  das Bühnen­

ha f te ,  s e in  d a r s t e l l e r i s c h e r  Rea l i smus  wird im T r ip tychon  des P o r t i n a r i - A l t a r s  

(um 1473-1475 ge scha f fen )  besonders  d e u t l i c h .  Geöffnet  z e i g t  d ie  M i t t e l t a f e l  

d ie  Anbetung der  H i r ten .  In d ie se  se lt sam  lee re  M i t te  mit dem s t rah lenden  

L i c h t  i s t  das J e su sk in d  gebe t te t ,  umgeben von der H e i l i g e n  F a m i l i e ,  den 

rauhen H i r ten  und dem p r ä c h t i g  anzusehenden Engeln.  Im Vordergrund s teh t  e in  

A l b a r e l l o ,  e in  M a r j o l i k a g e f ä s s  m it  we issen  und blauen I r i s  ( I r i s  s p e c i e s ) 

und e in e r  F e u e r l i l i e  (L i l i u m  b u i b i f e r u m ) , daneben e in  v en e z ia n i s ch e s  R ippen­

g l a s  mit s ieben  v o l l  e rb lüh ten  A k e l e i - b l ü t e n  und roten  Nelken ( D ia n th u s  c a r y o -  

p h y i i u s ) . Davor l i e gen  duftende Ve i lchen  ( V i o l a  o d o r a t a ) . A l l e  d ie se  P f lanzen  

haben d ie  zum Te i l  schon bekannte hohe symbo l i sche  Bedeutung. Neben der 

F e u e r l i l i e  w e i s s t  auch d ie  Nelke auf  d ie  Pa s s ion  C h r i s t i  h in .  Von besonderem 

In t e r e s s e  i s t  d ie  Zahl ' s i e b e n '  der B lüten  der A k e le i .  Wie schon erwähnt, 

s t e h t  s i e  symbo lhaft  f ü r  d ie  Ge is t tauben.  U r sp rü n g l i c h  betrug d ie  Zahl der 

Ge istgaben sechs :  Bei J e sa ja s  (11 ,12 )  i s t  zu le sen :  'Und es w ird  e ine  Rute 

aufgehen von dem Stamm I s a i s  und e in  Zweig aus s e in e r  Wurzel F rucht  b r ingen ,  

auf  welchem wird  ruhen der G e i s t  des  H e r r n ,  der  G e i s t  d e r  W e is h e i t  und des  

V e r s t a n d e s ,  der  G e i s t  d es  R a te s  und d e r  S t ä r k e ,  der G e i s t  d e r  E r k e n n t n is  und 

d e r  F r u c h t  d es  H e rrn '.  Im Hohen M i t t e l a l t e r  wurde d ie  Sechszahl  auf  d ie
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h e i l i g e  Zahl Sieben erhöht: Die F r u c h t  des H e r rn  u n t e r t e i l t e  man in Fröm m ig ­

k e i t  und G o t t e s f u r c h t .  An d ie  bäuer l iche  Herkunft und Verbindung des Flamen 

van der Goes e r in n e r t  die Getreidegarbe im Vordergrund; v i e l l e i c h t  i s t  s i e  

auch e in  S in n b i ld  der F ü l l e  des durch d ie  Geburt C h r i s t i  in  die Welt ge t ra ­

genen Neuen Bundes zwischen Gott und den Menschen. Oder hat van der Goes h ie r  

an Maria a l s  'g u te n  A c k e r  w e lc h e r  ohne S a a t  G e t r e id e h a u fe n  h e r v o r b r a c h t e  

und . . .  e i n e  r e i c h e  E r n t e  f e i e r t e '  e r innern  wollen. So wird s i e  b e re i t s  im 

6 . Jahrhundert von Jakob von Batnae in einen Gedicht besungen (nach 13).

In dem e r fo lg re ic h en  Bemühen der Renaissance,  den Menschen n i c h t  nur in  

s e in e r  morphologischen, sondern auch in s e in e r  s i n n l i c h e n  I n d i v i d u a l i t ä t  zu 

sehen, erkenne ich ein  Cha rakter i s t ikum  d ie se s  Z e i t a l t e r s :  der Mensch a l s  

S innen, und damit a l s  Naturwesen. Ma le re ien,  d ie  das ausdrücken ' s i n d  ohne 

d ie  im 16. Jahrhundert  vordr ingende Naturforschung n i c h t  zu denken. Wie die 

B i ld kun s t  des 16. Jahrhunderts  mit Veranschaul ichungen der Elemente und der 

Gezeiten auf  d ie  Kosmobiologie eingegangen i s t ,  so hat d ie  Anth ropo log ie  in  

den Fün f-S inne -F igu ren  einen N iedersch lag  gefunden'  (11).

Das g i l t  auch fü r  die a l l e go r i s c h e n  Da rste l lungen  der 'F ü n f  s i n n e ' ,  d ie  

Jan Breughel d.Ä. 1617-1618 gemalt hat. Kauffmann (11) sag t  zu diesem Zyk lu s :  

'Da nun in a l l e n  fün f  B i lde rn  Breughels  jeder  der Sinne mit g l e i c h e r  Au s ­

f ü h r l i c h k e i t  au sge rüs te t  wurde, bekommen w ir  in  der ganzen Folge sozusagen 

a l l e  Real ien  und Anwendungsarten der menschlichen Erfahrung zu sehen, gruppen­

weise zugeordnet den Kategor ien der fünf  S i n n e 1. Es mag r e i z v o l l  s e in ,  im 

Rahmen e ines  Symposium über ä the r i sche  Öle s i c h  dem 'G e r u c h s in n '  (V) h in zu ­

wenden. D u f t s t o f fe  und d ie  s i e  l ie fe rnden  Pf lanzen und T iere  s ind  in  über­

wä lt igender  F ü l le  d a r g e s t e l l t .  Ein Putto r e i c h t  e in e r  schönen Nackten Blumen. 

S ie  r i e c h t  daran. Vor ihren Füssen r e ke l t  s i c h  eine Z ibetkatze  umgeben von 

Parfümbehältern. Eine Räucherpfanne etwa in der M it te  des B i ld e s  und eine 

D e s t i l l a t i o n s a n l a g e  im l inken  Hintergrund r e a l i s i e r e n  den Duft. P a r  Fum o, 

durch Rauch 1 Terzetten und Päonien, Rosen und C i t ru sb lü te n  und v i e l e  andere 

Blüten, Symbolpflanzen des M i t t e l a l t e r s  wie I r i s ,  L i l i e  und A k e le i ,  bedecken 

eine maler i sche  Wiese, den zusammenfassenden Untergrund d ie se s  B i lde s .

Diese Blumenfül le  kennen w ir  von v ie len  B i lde rn  Jan Breughels  d.Ä. Zum 

einen von se inen Blumenstücken. In der 'B lu m en g a rb e  in  e inem  H o l z k ü b e l '  (V I )  

t reten uns botan isch  exakt in  den D e t a i l s ,  k ü n s t l e r i s c h  a r r a n g ie r t  und t ro t z  

der S t a t i k  des S t r au s se s  ein  Moment der Bewegung d a r s te l l e n d  Blumen über 

Blumen entgegen. A l s  wohl auch damals schon obso le te  A rzne ip f lanzen  tauchen
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die  a l t en  S i n n b i l d e r  des M i t t e l a l t e r s  wieder oder immer noch auf:  D ie  K a i s e r ­

krone (F r i t i i i a r i a .  i m p e r i a i i s )  wird von I r i s ,  M adonnen l i l ie  und Rosen auf  der 

e inen,  von Päonie,  Ake le i  und F e u e r l i l i e  auf  der anderen S e i t e  eingerahmt.

D ie se r  Symbol Charakter  der P f lanzen ,  der  s i c h  ja  b i s  in  unsere Z e i t  e r ­

ha lten  hat,  m a n i f e s t i e r t  s i c h  auch in  einem der wohl schönsten  B e i s p i e l e  

m e i s t e r l i c h e r  Kooperat ion,  in  der ‘Madonna im  B lu m e n k ra n z ' ( V I I )  von Jan 

Breughel d.A. und P.P. Rubens. Die Putten und Mar ia  mit dem zur  Verehrung 

entgegengereichen  Je su sk ind  malte Rubens, d ie  B lumeng ir lande,  d ie  s i c h e r l i c h  

mehr bedeutet a l s  e ine g e f ä l l i g e  Deko ra t ion ,  se t z te  Breughel h inzu.  E r in n e r t  

d ie se s  B i l d  n i c h t  an einen H o r tu s  c o n d u s u s  barocker  A r t ?  ' I n  dem ganzen 

va r i ie renden  Werk b i l d e t  der s t i l l  blühende Märchenkranz g le ichwohl  e ine 

k l ö s t e r l i c h  fromme, in  s i c h  ge sch lo s sene  Welt. Die nur dienende l e i s e  Blumen­

malerei  hat sehr  v i e l  mehr R e l i g i o n  a l s  d ie  gekonnte S i n n l i c h k e i t  der frommen 

A k tm a le re i '  (12 ) .  Und auch h i e r  i s t  der Bezug zur  Symbol ik  m i t t e l a l t e r l i c h e r  

Ta fe lm a lere i  unübe rsehbar : Die C h r i s t u s -  und Mariensymbole L i l i e  und blaue und 

gelbe I r i s  in  unm it te lba re r  Nachbarschaft  der Häupter von Mutter  und Kind.

Die Stachel  bewehrte C e n t i f o l i e  (Rosa c e n t i f o i i a )  und d ie  g lühendrote  'R ose  

oh ne  D ornen  ' , d ie  Päonie,  setzen das Gegengewicht zu Füssen von Mutter  und 

Kind. Symmetrisch l i n k s  und r e c h t s ,  unten zwischen den Beinen der Putten h i n ­

durchwachsend d ie  S to ck ro se ,  Symbol des c h r i s t l i c h e n  H e i l s ,  d ie  B i t t e  um Ver­

gebung und deren Gewährung anzeigend. Und s c h l i e s s l i c h  a l s  w e i te re ,  damals 

durchaus genutzte A rzne ip f lan zen  vor  der (vom Bet rachte r  aus gesehen) l in ken  

unteren Putte e in  A s t  des Schneeba l l s  (v ibu rn u m  o p u iu s )  und h i n t e r  i h r e r  

Hüfte Blüten und B l ä t t e r  des Weissdorns  (C ra ta e g u s  s p e c ie s ) .  Ich  we is s  n i c h t ,  

inwieweit  h i e r  B e g r i f f e  wie Hei l  und He i lung ,  Ä s t h e t i k  und d e ko ra t i v e s  

Pf lanzenbeiwerk  m ite inander  verschmolzen s i n d ,  bewusst oder unbewusst.

Ein besonders r e i z v o l l e s  Kap ite l  zum Thema 'A r z n e i p f l a n z e n  i n  d e r  S y m b o l ik '  

i s t  d ie  Verwendung von Früchten,  d ie  ja  f r ü h e r  f a s t  a l l e  m ed iz in i s ch  genutzt  

wurden, a l s  S i n n b i l d e r .  D ies g i l t  ganz besonders f ü r  Früchte  a l s  Su je t s  n ieder  

l ä n d i s c h e r  S t i l l e b e n  (13).

N icht  jede r  Apfel  und jede Nuss au f  d iesen  Gemälden muss e ine  unm itte lbare  

Bedeutung haben. Oft  e r s c h l i e s s t  s i e  s i c h  e r s t  aus dem Bildzusammenhang und 

dem Ambiente des Werkes. In der Mehrzahl der B e i s p i e l e  aus dem 17. und 18. 

Jahrhundert ,  o f t  auch des 19. und 20. Jahrhunderts  l ä s s t  d ie  bewusste Vei—  

Wendung und Anordnung von Früchten au f  die besondere A b s i c h t  des K ü n s t le r s ,  

den symbol ischen Charakter  m i te in zu b e z ie he n , s c h l i e s s e n .  Gerade d ie  Symbolik
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der Frucht,  kann sehr v i e l s c h i c h t i g  se in  und s i c h  in verschiedenen Ebenen 

absp ie len .  Vordergründig  i s t  jede Frucht e in  F ru ch tba rke i t s sym bo l . Umgekehrt 

können verschiedene Fruchtarten  mit g le ichen  E igenschaften  S i n n b i l d  fü r  ein  

E re i g n i s  se in .  So stehen v i e l e  Früchte, wie z.ß.  der Granatapfe l,  d ie  Brom­

beere, Johannisbeere, Rote Traube, K i r sche ,  mit rotem Sa f t  f ü r  das B lu t  

C h r i s t i  oder der Märtyrer.  S c h l i e s s l i c h  kann jede Frucht e in S in n b i ld  e i g e n e r  

Art  se in .  S ie  kann eine symbolische Bedeutung haben, die aufgrund i h re r  be­

sonderen S ign a tu r  erkennbar i s t  oder aber e r s t  aufgrund von Hinweisen aus der 

L i t e r a t u r  e r sch lo s sen  werden muss.

In te re s san te rw e ise  hat s i c h  d ie  Bedeutung der symbolischen Charaktere von 

Früchten und auch Blumen in e in igen  Fä l len  im V e r lau f  der Z e i t  verändert.  So 

begründete s ich  die Symbolik  des M i t t e l a l t e r s  f a s t  a u s s c h l i e s s l i c h  aus dem 

Christentum. Die Hauptquellen fü r  Deutungen waren zum einen das A l te  und Neue 

Testament, zum anderen d ie  m i t t e l a l t e r l i c h e n  na tu rw is sen scha f t l i c hen  S ch r i f te n  

z.B. von A lbe r tu s  Magnus (1193-1280) und M y s t ik  und Dichtung der Hi ldegard 

von Bingen (1098-1179).  In der Renaissance,  im Barock und im K la s s i z i sm u s  i s t  

der E i n f l u s s  der An t ike ,  aber auch der des t ä g l ichen  Lebens, der t ä g l ichen  

Erfahrungen und der Umwelt, z.B.  in  Spr ichwörtern  und Redensarten, auf  die 

Verwendung von Symbolen n i c h t  zu übersehen. N a tü r l i ch  vermischen s ich  o f t  

beide Bereiche und machen so die Deutung schw ie r ig  und o f t  w ide r sp rü ch l ich .  

Denn auch d ie s  i s t  eine E igen scha f t  der P f lanzen-  und damit der Fruchtsymbo­

l i k :  häu f ig  i s t  s i e  zweideut ig ;  gut und böse, a l t  und jung,  schön und hä s s ­

l i c h  können von dem selben Objekt ausgedrückt werden.

Ein sehr schönes B e i sp ie l  f ü r  das eben Darge legte  i s t  d ie  Symbolik  des 

P f i r s i c h s ,  eine auf  n iede r länd ischen  S t i l l e b e n  immer wieder gemalte Genuss-,  

aber auch M e d i z i n a lp f l a n z e . I h r e r  hat s ich  in  v i e l f ä l t i g e r  Weise Willem van 

A e l s t  (ca. 1625-1683) angenommen. Z u sä t z l i c h  zu P f i r s i c h e n  s ind  es vor allem 

Trauben, die ihn in i h r e r  gegensätz l ichen  Grösse und Beschaf fenhe it  der Ober­

f lächen f a s z i n i e r t  haben. In seinem 1674 gemalten ' p f i r s i c h s t i l l e b e n  m i t  d e r  

Maus' ( V I I I )  wird d iese  M e i s t e r s c h a f t  d eu t l i c h .  Das dunkle L i l a  der Samt­

t i schdecke  wird von der Oberf1ächenst ruk tu r  her auf d ie  s e id i g e  Haut der 

beiden P f i r s i c h e  übertragen. Das V i o le t t  derDecke f ind e t  s i c h  wieder in  den 

te i lw e i se  b e re i f te n ,  t e i lw e i s e  blanken Weintrauben. Aber auch die  rechts  unten 

s i tzende  Maus hat in ihrem schimmernden bräun l ichen  F e l l ,  in den nackten 

Ohren und in dem haar losen Schwanz Spuren d ie se r  unnachahmlichen L i la -Tönung.  

Der Symbol charakter  d ie se s  B i ld e s  i s t  g ro s s .  Im M i t te lpunk t  l iegen  die 

P f i r s i c h e ;  zunächst ' Ä p f e l '  im erweiterten  S inn und damit Symbol fü r  das
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Unterscheidungsvermögen von Gut und Böse, vo r  a l lem  aber auch f ü r  das Gute 

und Böse, besonders  im S inne  von W o l lu s t ,  s e l b s t .  Verschmelzen h i e r  an t ike  

A t t r i b u t e  der  Venus mit  c h r i s t l i c h e n  der  M a r ia ?  W e is t  h i e r a u f  d ie  Verwendung 

des P f i r s i c h s  a l s  S i n n b i l d  der  D r e i f a l t i g k e i t ,  der Tugend und E r lö sun g  a u f ­

grund der D r e i t e i l u n g  in  F r u c h t f l e i s c h ,  S t e in  und Kern?

Den Dual ismus und d ie  Ambivalenz in  der Deutung des P f i r s i c h s  f inden  w i r  

auch in der Weintraube w ieder.  So i s t  s i e  S i n n b i l d  Mar iens  und der H e i l i g e n  

K i r c h e ,  vo r  a l lem  aber Symbol C h r i s t i :  Im Johannesevangel ium (14 ,7 ;  15,1;

15,5)  beze ichnete  e r  s i c h  s e l b s t  a l s  wahren Weinstock.  Beim Letzten  Abend­

mahl nennt e r  den Wein s e in  e igen  B lu t  (Matth. 26 ,28 ) .  Schon im A l ten  T e s t a ­

ment wurde d ie  Weinrebe dem Fr ieden  und dem Wohlstand des Vo lkes  I s r a e l ,  ja 

I s r a e l  s e l b s t  g l e i c h g e s e t z t  (Hosea 10 ,1 ) .  Symbol der F r u c h b a r k e i t , aber damit 

e inhergehend auch der  E r o t i k  war d ie  Traube aber immer schon au s se rh a lb  des 

c h r i s t l i c h - j ü d i s e h e n  K u l t u r k r e i s e s  gewesen. I s t  d ie  D a r s t e l l u n g  e ine s  

bacchant i schen  F e s tge la g e s  ohne Weintrauben denkbar?

S c h l i e s s l i c h  s o l l  in  dem S t i l l e b e n  von Wil lem van A e l s t  der ambivalenten 

Symbol ik  der beiden F ruch so r ten  wohl e in  in  s e i n e r  Bedeutung e i n d e u t i g e r  

d i a g o n a le r  Schwerpunkt ge se t z t  werden: Die  Maus a l s  S i n n b i l d  i r d i s c h e r  G ie r  

und der  T a g f a l t e r  a l s  Symbol der  e r l ö s t  zum Himmel au f s te igenden  Seele  (13 ) .

Lassen S ie  mich an einem le t z t e n  B e i s p i e l  d ie  Symbol ik  von A rzn e ip f lan zen  

au fze ige n :  am Granatapfe l  (P u n i c a  g r a n a t u m ) . Ich  möchte an d i e s e r  F rucht  

d e u t l i c h  machen, wie über Jahrtausende  hinweg e in  Symbol Cha rak ter  e rha l ten  

b le iben  kann. Schon in  der An t ike  g a l t  er  s e in e r  v i e l e n  Samen wegen a l s  Sym­

bol der  F r u c h t b a r k e i t  und der U n s t e r b l i c h k e i t .  So s tand e r  in  der ägyp t i s chen  

aber auch in  der  c h in e s i s c h e n  Kunst in  v i e l f ä l t i g e r  Weise Model l .  Beim Volke 

I s r a e l  s p i e l t e n  d ie  G ranatäpfe l  e ine  bedeutsame R o l le .  S ie  z i e r t e n  d ie  Ge­

wänder der P r i e s t e r  und d ie  Vorhänge des Tempels, s i e  waren e in g e m e i s s e l t  in 

d ie  Schmuckbänder der  s te in e rn e n  Gotte shäuse r .  Der Granatapfe l  s y m b o l i s i e r t e  

Gesetz und Thora,  und damit Gottes Wort und W i l l e ,  das Höchste,  was der  A l t e  

Bund kannte.

Die  c h r i s t l i c h e  Kunst übernahm d ie  Symbol ik  des G ra n a ta p fe l s .  Wohl vom 

Hohen L ied  (4 ,3 )  a b g e l e i t e t  — h i e r  w ird  d ie  Menge der Tugenden mit den 

v i e l e n  Kernen des G ran a ta p fe l s  v e r g l i c h e n  — entstanden  auf  C h r i s t u s ,  Mar ia  

und d ie  K i rche  bezogene Symbolbedeutungen. Das T a f e l b i l d  von F i l i p p i n o  L ipp i  

(ca. 1457-1504) 'M a r ia  m i t  dem G r a n a t a p f e l '  ( I X )  und das 1519 von M. Grüne- 

wald ( e i g e n t l i c h :  M ath i s  Gothart  N i t h a r t ,  1408 ?-1528)  ge scha f fene  A l t a r b i l d  

der  ‘s t u p p a c h e r  M adonna ' (X) belegen das.  Auf  beiden B i l d e r n  h ä l t  d ie  Himmels­
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kön ig in  ihrem Sohn einen Granatapfel entgegen. Diese Mar iensymbol ik  s teht  

unter anderem für  überströmende L iebe,  f ü r  C a r i t a s ,  f ü r  unendl iche Tugenden. 

A l s  Chr istussymbol  verkö rpe rt  der Granatapfel  wegen se ine s  roten Frucht inneren  

n ic h t  nur das B lu t  C h r i s t i ,  sondern auch a l s  Frucht,  die eine Krone t r ä g t ,  

sowohl die Kirche a l s  auch d ie  Welt. Ein aufgebrochener G ranatapfe l,  wie er  

in verschiedenen N ieder länd ischen  S t i l  leben zu f inden i s t ,  z.B.  bei P ie te r  

de Ring (1615-1660) 'K a r tu s c h e  m i t  Blumen und F rü c h te n  ( X I ) ,  bei Abraham 

Breughel (1631-1697)  'F r a u ,  d i e  d i e  nach den F rü c h te n  g r e i f t '  von 1669 ( X I I ) ,  

bei dem n ieder länd ischen  Rokokomaler Jan van Huysum (1682-1749) ' s t i l l e b e n  

m i t  Blumen und F r ü c h t e n '  ( X I I I ) ,  zeugt von der Liebe C h r i s t i ,  d ie  a l le n  

Menschen offen steht  (nach 13). H ier  wird aber b e re i t s  die S c h w ie r i g k e i t  der 

symbolischen Deutung s i c h tb a r .  Der Granatapfel  v e re in t  die Gegensätze sü s s  

und herb. So s ind  in ihm Gut und Böse, Strenge und M i lde ,  C a r i t a s  und Eros 

e ingesch lo s sen .  Ich meine, d iese  D iskrepanz wird schon im Hohelied Salomos 

(4 ,13 ,16 )  erkennbar. M it  anderen Pf lanzen wird der Granatapfel zusammen mit 

dem Duft in  den M i t te lpunk t  der Liebe g e s t e l l t :  Gott bzw. C h r i s t u s  a l s  

Bräutigam und I s r a e l  bzw. d ie  E c c le s ia  a l s  Braut.  Damit wird auch d ie  R o l le  

d ie s e r  Frucht im Spannungsfeld der Geschlechter  d eu t l i ch .

Gerade der G ranatapfe l,  der in  so v i e l s e i t i g e r  Weise zu deuten i s t ,  und 

der in  so v i e l f ä l t i g e r  Weise in  der Kunst,  auch in  der n iede r länd ischen  Kunst 

a l s  Objekt genutzt w ird ,  g i b t  mir Gelegenheit  zu ze igen ,  dass  auch heutige 

Maler  p f l a n z l i c h e  Symbolik  e inzusetzen  verstehen. Eberhard S c h lo t t e r  hat in 

seinem 1977 entstandenen Halbakt 'N o c t u r n e '  (X IV )  das W e ib l i c h -E ro t i s c h e ,  

Schwebende und fü r  uns Männer o f t  n ich t  Fassbare  d a r g e s t e l l t .  Eine r e i z v o l l e ,  

begehrenswerte Frau beherrscht  das B i ld .  S ie  wird durch zwei A rzne ip f lanzen  

S y m b o l i s ie r t :  d ie  we is s  blühende D a tu r a ,  deren Duft  — ich z i t i e r e  den S u r ­

r e a l i s t e n  André Breton — 'd a s  w i ld e  E n tz ü ck e n  d e r  vo l lkom m enen  G e g e n w ä r t ig ­

k e i t  d a r s t e l l t '  , und d ie  geöffnete  Frucht der v ie l  tausendjähr igen  Symbol­

pf lanze  P u n ic a  g ra n a tu m , d ie  h ie r  das e ro t i s c h e  Fluidum der Frau v e r s i n n -  

b i l d l i c h t .

Der Hinweis auf  d ie  v ie l t a u se n d jä h r ig e  Symbolik  des G ranatapfe ls  im Zu­

sammenhang mit dem Spannungsfe ld von C a r i t a s  und E ro s ,  in  der Ambivalenz der 

F ä h ig k e i t ,  Gut und Böse zu erkennen, s o l l  meine Exkurs ion  durch d iesen  n ied e r ­

länd ischen  A rzne ip f lanzenga rten  su i  gene r i s  beenden. Wir haben d ie se  und jene 

Pf lanze  betrachtet .  Ich habe ve r sucht ,  d ie  Symbolik  e in ze ln e r  Pf lanzen aus 

i h r e r  Z e i t  heraus,  aber auch in  i h r e r  Entwicklung in  den Jahrhunderten au fzu ­

zeigen. Ich habe ve r sucht ,  S ie  wieder oder wieder i n t e n s i v e r  Sehen zu lehren.
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Hat J o se f  P ieper  rech t ,  wenn er  meint,  v i e l e  von uns hätten das Sehen v e r ­

l e r n t  durch z u v ie l  Sehen? Können w i r  nur noch p l a k a t i v e  aufnehmen: e in f a r b i g e  

B lü t e n f e ld e r ,  e in t ö n ig e  Z ie r r a s e n ,  einsame Flächen moderner K ü n s t l e r ?  V e r l i e r t  

der Mensch der Gegenwart mit  dem Unvermögen, D e t a i l s  zu erkennen, auch d ie  

Empfindsamkeit und d ie  E m p f in d l i c h k e i t  f ü r  k l e i n s t e  Veränderungen? Sehen s o l l t e  

k r e a t i v  s e in .  Es s o l l t e  s e n s i b i  1i s i e r e n  und Denkanstösse  geben. Sehen kann 

beglücken. Sehen kann verzaubern.  Müssen w i r  das Sehen wieder  e r le rn e n ?  D ie ­

ses  Sehen im D e ta i l  i s t  E i g e n a r t  und E i g e n sc h a f t  des Augent ie re s  Mensch.

Gerade a l s  N a t u rw i s s e n s c h a f t l e r  s o l l t e n  w i r  uns mit  H i l f e  der Kunst das Glück 

gönnen, mit  Verstand  und mit  Gefühl zu sehen.
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